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THE ENGINEER IN PUBLIC LIFE 


We pride ourselves in saying ‘‘Once an engineer, 
always an engineer.’”” Whatever may be the course 
of life followed by any of us, it will always be marked 
by the indelible seal of the scientific, practical, and 
logical training to which an engineer is subjected 
during the early years of life. 

Some have made the remark in criticism that 
engineers lack political intuition and ability; I would 
answer that a larger dose of logic and positiveness 
applied to politics would bring great advantage to 
public affairs. 














GELASIO CAETANI 
Italian Ambassador to the United States 
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Methods of Ash Handling 


Methods of removing ashes 
from boiler rooms, and sys- 
tems of conveyance are de- 
scribed and illustrated in an 
article by John Hunter and 
Alfred Cotton, chief engineer 
and chief of the research de- 
partment, respectively, of the 
Heine Boiler Company of St. 
Louis. Mr. Hunter was born 
in Seotland. He became a 
seagoing engineer at the age 
of twenty and during the 
Spanish-American War was 
chief engineer of the St. Paul, 
operated by the U.S. Navy. 
In 1905 Mr. Hunter became chief engineer for the Union 
Klectrie Light and Power Co., of St. Louis, and later 
aided in the development of the hydroelectric station 
which supplies this company with 60,000 hp. over a 
100,000-volt transmission 
line. 

Mr. Cotton received his 
technical education through 
university-extension courses 
and private tuition in Eng- 
land while serving an ap- 
prenticeship in marine en- 
gineering. In 1903 he came 
to America where he de- 
veloped the Cotton furnace. 
He manufactured and in- 
stalled these furnaces until 
the war, when he entered the 
employ of Colt’s Patent Fire 
Arms Manufacturing Co. 
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ALFRED CoTToN 


Stresses in Electric-Railway Motor Pinions 


The results of a scientific study undertaken by the 
General Klectric Company for the development of 
superior electric-railway motor pinions are reported 
in this issue by Dr. Paul Heymans and A. L. Kimball, 
Jr. Dr. Heymans, who is research associate in indus- 
trial physies at M.I.T., was born in Belgium in 1895 
and educated at the University of Ghent, L’Ecole 
Spéciale des Travaux Publics in Paris, and the Univer- 
sity of London. 

A. L. Kimball, Jr., has been research physicist at 
the research laboratory of the General Electrie Com- 
pany since 1918. He was graduated from Amherst 
College in 1908 and from the Harvard Engineering 
School in 1914. Hespent the year 1919-1920 in London 
studying Dr. Coker’s method of stress analysis by the 
use of transparent models. 


Torsion of Crankshafts 


Dr. $8. Timoshenko, who has recently become con- 
sulting engineer for the Vibration Specialty Co. of 
Philadelphia, presents a paper which discusses how the 
torsional properties of a crankshaft with a single 
throw may be determined. Dr. Timoshenko came to 
the Vibration Specialty Co. from St. Petersburg, 
where he oceupied at the Polytechnic Institute the 
chair in the Theory of Elasticity as Applied to Ships 


Design of Cooling Towers 


Prof. C. 8. Robinson of the Massachusetts Institute 
of Technology has established a general principle 


applicable to cooling-tower design and derived equa- 
tions for the use of the designer. In his paper in this 
issue he shows by actual experiment how these for- 
mulas are applicable. Professor Robinson was for- 
merly a chemist in the employ of the Sherwin-Williams 
Co., the Rosseler and Hasslacher Co., and the Wal- 
worth Manufacturing Co. 


Size Selection of Dry-Vacuum Pumps 


A rapid and practically accurate method for deter- 
mining the size of dry-vacuam pump to employ under 
any set of conditions is described by Edward W. 
Noyes and Harold V. Sturtevant, sales engineers for 
the Sullivan Machinery Company of Claremont, N. H., 
and Chicago, Ill. Both Mr. Noyes and Mr. Sturte- 
vant are graduates of the Massachusetts Institute of 
Technology, class of 1921. 


Feed Heating for High Thermal Efficiency 


Linn Helander, a Junior Member of the Society, 
presents the results of an investigation made for the 
purpose of determining the correct feed-water tempera- 
tures for conditions of high thermal efficiency. Mr. 
Helander, after his graduation from the University of 
Illinois in 1915, was steam and hydraulic engineer for 
the Pittsburgh Crucible Steel Co. During the war he 
Was supervising engineer of tests for the Ordnance 
Department in the Montreal district. Since 1919 he 
has been with the Westinghouse Electric and Manu- 
facturing Co. 


Lumber Dry Kilns 


Thomas D. Perry, vice-president and manager of 
the Grand Rapids Veneer Works, believes that scien- 
tific kiln drying offers engineers a splendid field for 
research work. His paper pays particular attention 
to the several classes of ventilated kilns. Mr. Perry 
received his A.B. degree from Doane College in 1897 
and his B.S. in Mechanical Engineering from M.1.T 
in 1900. 


German Submarine Diesel-Engine Clutch 


During the five years spent as supervising drafts- 
man for the U. 8. Navy Department, W. H. Nicholson 
had an opportunity to study the German types of 
submarine equipment. His paper gives to American 
builders of Diesel engines facts about German Diesel- 
engine clutches. Mr. Nicholson has done engineering 
drafting and designing for the New York Shipbuilding 
Corporation, the National Aniline Co., and the Newton 
Machine Tool Works. At present he is with the West- 


inghouse Eleetrie and Manufacturing Co. 














Coming A.S.M.E. Events 


Pacific Coast Regional Meeting 
Los Angeles, April 16-18, 1923 
Spring Meeting 
Montreal, May 28-31, 1923 


Southern Regional Meeting 
Chattanooga, October, 1923 
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Methods of Ash Handling 


By JOHN HUNTER! ann ALFRED COTTON ST. LOUIS, MO 




















Various methods of handling ash are described and illustrated in this will be ttempted, but se ! litt { f nd Instailations 
paper, the greater part of which deals with stationary practice, beginning will be d 
with rudimentary and progressing lo the most modern installations, of which The most rudime iry method that J vhich the asl 
schematic and actual examples are given hoed out of the fire door nd ashpits on the firing floor and shoveled 
Methods of removing ashes from basement boiler rooms are followed by into wheelbarrows. In some cases the ashes are shoveled into indus- 
a discussion of the design, construction, and capacity of hopper ashpits, in trial railway car wl re then pushed to the dumping | t 
cluding their doors and water seals. Systems of mechanical conveyance The wheelbarrow can be replaced by either a mechanical Ir 
and elevation are described, comprising ash cars, skip hoists and bucket onveyor. 
conveyors. Fluid conveyance, as represented by water sluicing and steam Fig. 1 is a cross-section of a block-chain conveyor running in a 
jet conveyors, is discussed in general, and typical examples of both are trench under the firing floor. The ashes are hoed on tothe grating 
illustrated and described in detail. Particulars of ash bunkers and settling through which they fall down the chute to the bottom of the trench 
basins are also given They are then drawn along by the chain, discharging into a bucket 
elevator as illustrated in Fig. 2, or on to an inclined chain conveyor 
SH HANDLING is just as important as coal handling. It carrying the ash into an elevated storage hopper 
was originally accomplished entirely by hand, but with the Where there is a plentiful supply of water, a flume may be car- 
growth of the size of boiler plants it is now either partly . 
or entirely mec} inical There are three pre neral methods ot con . | 
veyance in use; air, water, and purely mechanical. | 
The great development of the central electric generating station has 4 { Py 
compelled operating engineers to give much attention and thought { P| 
to ash handling It is only a few years since boilers of 600 hp. were ‘ 
considered large, while today 2000-hp. units are not at all uncommon ‘ LI 
ind some 3000-hp. boilers are in use. Furthermore, while boilers f 1 i 
were usually operated at about their rating of 10 sq. it. ol heating ‘ ; ym 
irface to the boiler horsepower, they are now commonly operated ; } 7 
it twice their nominal rating; and in the larger central stations it is } ; =~ 
common practice to run them for short intervals at three or even 1} 
} P| 
1 f 
i P| —— ~ 
i Pi (ei | (a) [fei | (ei 
" P| } | 
a ; ze (ei | {ei |fei | {ei 
' ! y ph See Ee EC 
a 20 hop aa —< PRS SA NR 2 Abr ae anemones 
2 a —— —T — 
; " A | CHA 4 ( ss-] ( \ viru | KET ELEVATOR AND 
=> } : \s 
ried along under the firing floor and the ashes raked into it through 
A 7 openings 
. , ‘ 7 L The prot lem is more compli ited when the boil r room is con- 
siderably below the ground level, as in office buildings, hotels, ete. 
Whatever the final disposition may be, the ashes are invariably re- 
1 Cuan anp Cross-Bar Convey moved from the vicinity in motor or horse-drawn trucks. Here, 
mes their rating. The bearing of this development on ash er 9 sale her-vage a gran, "7 _ 7 notsting i 
p ‘ ashes from the boiler room to the street. In the isolated heating 
ne ny be strikingly = when we rem mber es a hp plants of the Union Electric Light and Power Company in St.Louis, 
Jer running at rating and burning coal with lo per cent of ash = 4), ach trucks ar equipped with a davit just like a regular boat 
ld make 150 Ib. of ash per hour; while each 2000-hp unit at davit on st ipboard. A small winch with a 4-in. barrel geared to a 
y pts r cent of rating makes well over a ton ol ash per hour. | p. electric motor is mounted at the side of the truck A n. 
While the complete paper deals with both stationary and marine tee] wire rope is attached and wound on the winch barrel, and passed 


ctice, the present abstract is limited to the former, althoug] 


f , through a pulley block hanging from the head of the davit witha 
nite progress in ash handling was first made on shipboard hook at the free end. Current for the motor is conveyed by a 


xcept that there are several standardized types of conveyors, flexible cord from a socket in the plant and snapped to the motor 





nye of methods of ash os is not oS ae and when the ash truck arrives. Opening the sidewalk cover. the 
d serve no useful purpose. Therefore no real classification hook is dropped and the first ash can attached, quickly hoisted to 
ief Engineer, Heine Boiler Co... Mem. Am.Soc.M.E. the davit head, the davit swung aroun | and the ash can dumped 
ef of Research Department, Heine Boiler Co., Mem. Am.Soc.M.] into the wagon, and then returned to the basement. The whole 
ntr . " ‘ ia] andling sio { reser ( he n : ] ! , . 
I tributed by the Materials Handlir Divi ion and presente 1 at the operation is completed in a few minutes. 
Annual Meeting, New York, December 4 to 7, 1922, of THe AMERICAN I oe t] , t] lled st ‘at 
. Some aT 9 PAS > Hr MoOnvey 4 re 2O-CALICC ~ >| -1e 
SOCIETY OF MECHANICAL ENGINEERS Abridged All papers are subject 2 — onwene 2 : nce : _—s 
to revision conveyor) has been used very advantageously in hospitals, hotels, 
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and office buildings in crowded parts of cities, but it is not always 
applicable. 

Another method is the “post box” elevator. The ashes are 
stored in the boiler room until the arrival of the ash truck. The 
elevator, which is of the bucket type, has a telescopic housing 
which is pushed up through the sidewalk opening and the chute ex- 
tended to discharge into the truck. 

The first opertion where labor can obviously be saved is in avoid- 
ing hoeing and shoveling ashes at the outset. This leads naturally 
to a consideration of the hopper ashpit. 


Hopper ASHPITS 


The hopper ashpit is regular practice in the modern plant. Its 














Fic. 3 Hopper AsHupit For HANpb-FirEpD FURNACE 
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the basement being deep enough for this purpose, the hopper can be 
quickly dumped through bottom doors. Where conveyors are 
installed it is usual to use a side door and work the ashes out grad- 
ually into the conveyor to avoid choking it, as would happen with a 
straight dump. Fig. 3 illustrates a layout of this kind. The con- 
veyor will occupy the trench in front of the ash door. It may be 
mechanical, bucket or chain, or air or water, and is therefore shown 
schematically only. 

With forward-travel underfeed stokers, chain-grate stokers, 
front-feed inclined stokers, and others the ashes are dumped at the 
rear of the furnace and the top of the hopper will be the width of 
the fire but of small dimension from front to rear to accord with the 
stoker dump. This reduces the capacity for storage as is seen by 
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examining Fig. 5. Where large storage is imperative, the ashpit 
may be designed as in Fig. 4, which is drawn from an illustration 
appearing in Power of January 17, 1922. Owing to the flatness of 


the bottom, some hand labor is necessary to effect complete dis- 
charge when desired. 

With chain-grate stokers a hopper should also be provided for 
fine coal which shifts through the grates before ignition. 


Such an 
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size and general design will depend primarily upon the manner in 
which the ashes flow into it, the method of removal, and also upon 
the system of draft. The design begins at the top to suit the stoker. 

In hand-fired, forced-draft anthracite plants the top of the hopper 
will conform to the whole grate area. With stationary grates fine 
ash is falling constantly over the whole area. As the fires are hand- 
cleaned, a dumping deadplate will keep the ash away from the firing 
floor and allow it to fall directly into the hopper, the forced 
draft being temporarily shut off. With dumping grates the ash will 
also fall from most of the grate surface. The discharge door must 
be airtight to avoid increasing the cost of generating the forced 
draft and the possible reduction of ashpit pressure’s lowering the 
boiler capacity. If it can be dumped directly into railroad cars 


arrangement is shown in Fig. 5. This coal isdumped into some meat 
of conveyance to be returned to the stoker coal hoppers. 

Side-travel underfeed stokers dump at each side of the wind box 
for the whole depth of the fire. Hopper ashpits for this type of 
stoker may therefore have greater storage capacity since the to} 
of the hopper extends to the front of the boiler. 

Capacity. In some instances very little capacity may be sufli- 
cient, owing to storage being taken care of outside the ashpit. T! 
method of conveyance from the ashpit will have considerable bear- 
ing on the ashpit capacity necessary. But 24 hours’ capacity 
should usually be provided in case of breakdown of conveyors, etc. 

Since the required capacity depends upon the amount of ash that 
accumulates between emptyings, it is controlled by the rate of 
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firing and the percentage of ash in the coal. Multiplying 


the weight of coal burned between dumpings by the per- re, pat Son Efe} 4 
centage of ash and allowing 40 lb. per cu. ft. gives the Oe sarees marian. 5 -_ SS meat 
storage space required. Allowance must be made for ¥ of Ty i 

unburned coal coming in with the ash, for neglect to empty ‘ i ' 

regularly, for possible increase in the load and consequently > ti— i = “ 


in the rate of combustion, and for possible change to : - 
dirtier coal. The careful engineer will make the capacity 
of his ashpits perhaps 50 per cent greater than the cal- 
culations show, or even more. 

Design. The sides should slope at not less than 45 deg. 
in any case, and a minimum of 50 deg. with the horizontal 
is preferable. If one side is vertical the opposite side may 








have the minimum slope; but where two opposite sides 
slope, neither should slope less than about 55 deg. If the 
slope is too small, arching of the ash is likely to occur. 
Where the width of the hopper would necessitate too great 
height to get these required slopes, the ashpit may easily 
be divided so as to have a number of discharge openings. 
An excellent example of reversed slope which results in 
absolutely reliable dumping is illustrated in Fig. 13. 

If a very small slope is used so as to get large capacity 
such as in Fig. 4, access doors should be prov ided at the top 
of the slope so that the ashes may be pushed to the dump 
doors with a minimum of labor, and ample space should 
be left so that long ash tools can be wielded with ease. 

Large discharge openings should be used, though their 
size depends to some extent upon the method of firing. 
Modern practice requires 30 to 36 in. as a minimum, with 




















many instances of clear openings 5 ft. square. 

The bottom discharge is undoubtedly the least costly in 
labor and well repays the added expense of the greater 
height of basement needed. The height of the bottom of fe 
the hopper above the basement floor depends upon the a 2 ae : 
system of conveyance adopted. It is greatest where stand- ' mt rhe 3-4 
ard railroad cars are used, about 8 or 9 ft. to clear the cars 




















and about 17 to 18 ft. if a locomotive must pass under. a Wisin i —a_t gl Mach ; Peay — 9 —— 8 — 99 alls 
With industrial cars 5 or 6 ft. is sufficient, though a clear cs a ay ee re |) eee SRNR ES SED 
headroom of 6 ft. 6 in. to 7 ft. is preferable. In any ) a —— “ otha y rt Cylinds 

case there should always be sufficient vertical space to | 0g Olam yy it a See | a - 
allow a bar to be pushed up into the hopper to clear away “ 6-27-- ad i cL, - 15-0" Mommin ’ 
any obstruction. In designing new plants ample headroom * 943 T  42R ~ 


should always be provided. 


. . Fic. 8 Baker-DuNBAR-ALLEN Power-OperATED Asu Doors 
Where storage takes place in the ashpit, water spray 


pipes should be provided for quenching the ashes. These 1 ES CL of Oberating | Ash Hopper 
pipes should be near the top and sheltered from the Arrangement Ss oe 
incoming ash. Or a substantial spray ring such as illus- Slate , wo ~~ 
trated in Fig. 9 may be used. Many prefer to make the von « 245>« 2447 | ey 27a Spe Le 
hopper sufficiently large for the ashes to remain long | ——= <r, rs aS? VAI I T 
enough to cool naturally. If too much. water is used it will } t ' j 4 =i: 4 
leak from the dump doors and flow about the basement; nh, a =O ri a Ura 
and as it contains much fine ash in suspension, it will clog ya : go — - Sy pers 
sewers and necessitate cleaning them frequently. oe ee 5. ere 

Construction. Hopper shells made of sheet steel” lined | 7 rm ~~ 
with firebrick are undesirable owing to rapid corrosion L.of Cylinders Stroke J Vertical Section Through 
from sulphur in the ashes. Shells of reinforced concrete | $e Line of Trews! | 
about 6 in. thick are common and satisfactory. The most so Si. | 
modern construction, and probably the best method so far vi 8S ‘Si ‘| | ' , 
devised, is to use a structural-steel skeleton and make the Ct Oi ° J: 
shell of substantial cast-iron flanged plates bolted together. po —— a S i> 

Owing to the heat of the ashes and the possibility of , eo See area A Ly 
the combustion of unburned coal, the hopper shells should : H | 7 he Gs  f) le 
always be lined with firebrick, which may be of second wae § D @ fp | Mee p| DD » 
quality. With proper quenching of the hot ashes with idle yy | i) ; 
water sprays a lining of well-burned hard paving brick is eee “eee ae ies 
very satisfactory. ; a 

The method of construction of the Baker-Dunbar-Allen Vertical Section Across Line of Travel 


hopper ashpit is illustrated in Fig. 6. A suspended skeleton 
of structural steel carriers the hopper shell of heavy cast- 
iron flanged plates. The lining is of special firebrick blocks which Closures. Hopper ashpits will usually be provided with doors to 
will not spall under the temperature changes which occur. Asseen retain the ash and prevent the passage of air, and to allow of the 
in the left-hand view these blocks are hung from the shell and inter- ash being dumped or hoed out at intervals as desired. 

locked in a manner that prevents displacement but allows of easy Airtight ash doors are highly desirable in almost all cases. There 
renewal, and no mortar joints are used. are several ways in which the dump openings may be sealed. The 


Fic. 9 Drescuer Power-OreratTep Ash Doors 








SO 


doors and faces may be machined, or the frame may be provided 
with a groove packed with asbestos rope, while the door has a rib 
or tongue which is squeezed into the asbestos packing by a cross- 
bar and screw spanning the door. The latter method has been 
used with satisfaction in vertical doors like that of Fig. 3. The 
doors should usually be lined with firebrick to prevent warping due 
to hot ashes lying on them soon after dumping. 

An example of ash door is illustrated in Fig. 7. These doors 
are of substantial construction, and are carried on rollers running 
on steel members. They are operated by hand with rack and 
pinion. Smaller doors are operated by hand, but when the openings 
approach 3 ft., power operation is advisable for speed. The larger 


hand-operated doors are worked by gearing, such as rack and pinion, 
while power operation may be hydraulic, compressed air, or electric. 
Jaker-Dunbar-Allen dumping doors ar- 
The cylinder 


Fig. 8 illustrates two 
ranged for compressed-air or hydraulic operation. 
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WATER-SEALED ASHPIT 
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considerable depth of basement 
ing floor to basement floor. 


corrosive gas escapes into the basement. 
pushed with heavy loads, gas often escapes from hopper dump : 
doors. 
considerable corrosion of ironwork often occurs. 
entirely obviated with the water-seal ashpit. 


dumping cars has a great deal to recommend it. 
expensive, can be 
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not less than about 30 ft. from fir- 





A further advantage of this method is that no combustible or 
When boilers are being 


Apart from discomfort and danger to those in the basement, 
Such troubles are 


MECHANICAL CONVEYANCI 


ashpits into small 

The cars are 
moved by men, animals, tractors, or locomo- 
tives, and can be run about the floor or on tracks, all according to 
the amount of ash to be moved and other conditions. 

In the Ashley Street Station of the Union Electric Light and 
Power Company, St. Louis, Mo., a system of industrial 
railway and ash cars was installed in 1905. The basement 
floor of this plant is 30 ft. below the flood stage of the 
Mississippi River, and this necessitated a watertight base- 
ment with consequent elevation of ashes. 


The method of conveying ash by emptying 
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is worked between the openings and contains two pistons, one con- 
nected to each door. The doors are lined with firebrick. 

The Diescher dumping door shown in Fig. 9 is provided with rollers 
which run on a curved track. Owing to the curvature of the door 
in conjunction with the flanges which carry the rollers, it retains 
water to form a seal and this water renders lining unnecessary. 
The door can be run off the track and another door run on if re- 
placement is ever necessary by simply removing the pin of the driv- 
ing connection. There is ample power and strength to shear 
easily through any clinkers which may get caught during closing. 

Instead of using doors, closure may be effected by water seal. 
This method may be described as a U-tube with one leg forming the 
hopper ashpit while the other is open to the atmosphere and pos- 
sibly to the entrance of a clamshell bucket. Water in the bend of 
the U-tube forms a seal and serves to quench the ashes. ' 

An excellent example of this method is illustrated in Fig. 10, which 
is a cross-section of the boiler room of the Springdale Station of 
the West Penn Power Company. More than sufficient water for the 
seal is provided by the waste cooling water from the clinker grind- 
ers. The overflow is from one ashpit to the next, until it is finally 
discharged from the last ashpit. This system of ashpit requires 


The boilers are equipped with chain-grate stokers discharging a 
into hoppers having a capacity of 24 hours. These hoppers are of 
steel plate lined with vitrified brick laid in cement, and each ha 
two large horizontal dumping doors which are illustrated in Fig. 7 

The railway is 30 in. gage and the dumping cars have a capacit) 
of three tons each. The cars are lifted 120 ft. to an elevated as! 
bunker by a skip hoist installed in 1916 to replace the car elevator 
originally employed; a gasoline locomotive is used to haul the as 
ears. The general arrangement is illustrated in Fig. 11. T! 
details of the bucket are presented in Fig. 12. 

The operation of the skip hoist is mainly automatic. When a! 
ash car has been dumped into the bucket, a switch button is presse 
This starts the hoisting motor, which raises the bucket to the top 
its travel where it turns over and discharges into the elevat 
bunker. A switch trip at this point reverses the motor and thu 
lowers the bucket to its starting point, where another switch tri 
stops the motor. 








The operation of this new system is entirely satisfactory and it h 
given good service. It has reduced the labor cost of handling ash 
one-third and the cost of maintenance one-half. 

In the system installed at the New Bedford Gas and Electr 
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Light Company’s plant, the ashes collected in hopper 
ashpits are emptied into a storage-battery truck having a 





' 
dump body of 40 cu. ft. capacity. An automatically con- iF 
trolled skip hoist with the skip car normally in a small | IP cain) (net eames, mata ates caces, Cazed, Sanat Gacee cana came cateee eaee OC | ty H 
concrete pit just large enough to hold the car, is installed  —§40 4322S eer = can ae, 
about 39 ft. outside the boiler room. The truckman /¢ | : if 
pushes a button switch which starts the elevator motor, ee Hl 
and this raises the car, dumps it into the ash bunker, and =| #}) (| i 
returns it to the concrete pit ready for another load. Two : +) i 
men handle the ashes from the station, which hasaload of — | #y 
about 38,000 kw. at the present time. F by | 

Fig. 13 illustrates a hopper ashpit arranged for dumping od 
directly into standard gondola railroad cars which form i 
part of the equipment of the station. The hoppers are ry yyy Is 
lined with brick, not shown, and have a capacity of about a 
2500 Ib. of ashes. The stokers are equipped with clinker [4 uy nT 1 ee 7 
grinders. The ash gates are of the sliding type and are j - es 4 
operated by compressed-air cylinders. Water spray pipes aps 
are provided near the top of the hoppers for wetting down 8 
the ashes before dumping. +4 
The present consumption of this station is 413,000 tons oT 
of coal per year. The yearly ashes from the station | 
amount to 52,800 tons. 
The ash cars are handled by an electric locomotive and 4 ir 5 Q 
are dumped into an outside pit, from which they are ¢- oP | TAR 
recovered by a crane and grab bucket and loaded into the , Tees a ae SSO RAC 2 FS Se es ees b= -=4 
purchaser’s trucks. The proceeds very nearly pay the ee , P . 
labor cost of handling the ashes. oe rn 
It is estimated that 45 lb. weight of compressed air is 
required per day per boiler to operate the hopper-ashpit dumping veyor, and the lumps passing through the crusher. The vertical 


doors. From recent tests it is found that 1030 gal. of water is used lift is 66 ft. and the horizontal centers are 85 ft Phe overlapping 
in spraying one ton of ashes, and this amounts to about 4 per cent buckets are 18 in. wide and 24 in. on centers. A 7.5-hp. motor 
of the total general-service water used by the station. drives the conveyor at a speed of 45 ft. per min. The buckets are 
Bucket conveyors such as the Peck carrier have been extensively discharged into the overhead bunkers by 
used. With the chain and buckets forming a ring system, the con- upper run. 
veyor is often used for coal in the daytime and ash at night. The coal bunker is continuous along the boilers. The ash bunker 
Fig. 14 illustrates a Pack carrier installation by the Link-Belt which has a capacity of 130 tons, is located in line with and immedi- 
Company in a downtown heating station where coal and ash have ately adjacent to the coal bunker and at the same elevation. 
be handled by motor truck. The building occupies the entire site, _ Consequently the buckets discharge coal into the coal bunker or ash 
ind no projections of any kind are possible. The basement floor into the ash bunker according to the position in which the tripper 
12 ft. below the alley level, and as the alley is only 15 ft. wide it is placed. Also, the ash-bunker discharge is immediately above the 
was necessary to build a recess where the trucks could drive in — recess into which the 


regular tripper on the 


trucks are driven, just as the coal-receiving 
ind dump coal, and then load up with ashes. hopper is immediately below it. Therefore the trucks, which have 

The conveyor is located centrally between the boilers and handles automatic dump bodies, drive into the recess over the coal-receiving 
coal as well as ashes, and also the siftings from the chain-grate hopper, discharge tl] 


eir load, and receive ashes without changing 
stokers. The run-of-mine coal is screened as it is dumped from the their position. Quick unloading and reloading therefore materially 


truck, the screenings going dire tly through the feeder to the con- increases the road time of the trucks; and this is a considerable 


item in the downtown district where traffic is more or less re- 























T stricted 
A novel method is employed for the removal of the ashes 
from the ash hoppers to the conveyors. A double raking 
¢ apron is contrived as a car mounted on tracks and strad- 
; dling the conveyor. It is movable the entire length of the 
y boiler house and can be brought in front of each ash door 
= forming a continuous chute from the hopper door to the 
Bul conveyor. The operator stands on one side of the car and 
4 pulls the ashes down into the chute. After a flow of ashes 
has been created, water under pressure is used to keep up 
__h F the flow, and the ashes are removed in a very short time. 
The cross-section of the plant shown in Fig. 15 illustrates this 
| clearly. 
| Owing to the abrasive nature of ash the maintenance 
—: a cost of mechanical conveyors is high. The ashes grind 
oo , 1 | : away the connecting pins, and even with regular renewals 
ge ee ne the pins sometimes wear excessively and cause breakdowns. 
VA) j The life of these conveyors is considered to be about seven 
i or eight years, and extensive repairs must be made ey ery two 
i ; or three years. The excessive cost of mainten ince has led 
Vj to their replacement in some installations with electrically 
4 ' operated cars carrying the ashes to outside pits from which 
f Ld they are loaded into railroad cars with a bridge crane, and 
mob berommlhomemmmmmmmemmemmmrmm rr  tberrretic terre, the cost of handling has been reduced by 50 per cent. 


Hopper ashpits with large doors should not be dumped 
13 Hopt ER ASHPIT FOR Dum! ING INTO STANDARD GONDOLA RAILROAD CARS directly on to chain or bucket conveyors. With direct 
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Arr ConVEYORS 


Air is passed through a pipe at a sufficiently high 
velocity to carry the ashes along with it. The air is ad- 
mitted at one end and ash intakes are provided wherever 
required. There are two systems of generating the air 
current. In one, the pipe outlet is connected to an ash- 
storage tank in which a vacuum is caused by means of a 
steam-jet or mechanical exhauster. In the other, the air 
current is induced by a steam jet between the ash intakes 


























and the outlet. 

A typical layout of an air conveyor with vacuum storage 
tank is illustrated in Fig. 17. A steam-jet exhauster is 
attached to the top of the tank and may discharge into 
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the atmosphere or into the chimney or a silencer to re- 
duce the noise. It is claimed that ordinary gray-iron 
piping may be used, and a test is offered wherein a piece 
of conveyor pipe was replaced with light wrought-iron 
pipe which showed but little wear after a year’s service 
carrying 5000 tons of ash. 

An ash tank is not required as a part of the system. 
It is usual for the conveyor to discharge into an elevated 
ash tank supported on columns, so that carts, motor 
trucks, or railroad cars may be run underneath the tank 
and be filled quickly by opening the ash valve in the 
bottom. 
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Fie. 15 Cross-Section or Borter Room with Peck CARRIER 


dumping, large clinkers are liable to jam and cause breakdown, 
and opportunity should be given for breaking them. 

The Fisk Street and Quarry Street stations of the Commonwealth 
Edison Company of Chicago are each equipped with bucket con- 
veyors which handle both coal and ashes. There is an additional 
pair of ash conveyors at Quarry Street which carry the ashes to the 
train shed. The electrically operated ash cars now used in place 
of the apron conveyors formerly employed are dumped into a pit 
outside the building. A bridge crane takes the ashes from the pit 
with a grab bucket and loads them into railroad cars. The cost 
of maintenance as compared with the apron conveyors is almost 
negligible. The outside pit and crane were originally installed 
for and used with the apron conveyor. 

At Northwest and Calumet stations, Chicago, the ash is dumped 
from hopper ashpits directly into railroad cars. The only main- 
tenance required is upkeep of ashpit linings and dumping doors. 
The cost of the ash-handling system at these stations cannot well 
be estimated because there is none. 

An example of a simple chain and cross-bar conveyor is illustrated 
in Figs. 1 and 2. The conveyor installed at one of the municipal 
plants of the Poplar Borough Council in England and illustrated in 
Fig. 16, may be considered as a development of this idea in combi- 
nation with the water seal of Fig. 10, though there is no ashpit 
storage. In fact, there is no ashpit, only sheet-steel unlined chutes 
ending in cast-iron nozzles which dip below the water level in the 
conveyor trough, thus providing the water seal. The return of 
the chain is also below the surface of the water. The transverse 
centers of the chain are 19'/, in. apart and the cross-bars are 25'/», 
in. pitch. Therefore large clinkers easily fall between the upper 
run of the chains and cross-bars to the bottom of the trough. The 
end of the trough is carried upward at an angle of 41 deg. to its 
discharge into the ash bin, from which the ash is recovered by grab 
bucket. 

No ash crushers are necessary as the space between chains and 
cross-bars is sufficient to allow large clinkers to fall through the upper 
run of the chain into the water; and the hot clinkers break up on 
falling into the water, the average size as delivered from the con- 
veyor being about equal to that of a pea. 

The length of this conveyor is about 140 ft. and it is designed for 
a chain speed of 20 ft. per min. One conveyor running at 9.5 ft. 
per min. and handling 3.25 tons of ashes per hour takes a little under 
2 hp. 





The ash particles may momentarily attain velocities 
approximating to that of the steam jet at a little distance 
from the muzzle of the nozzle, and therefore local abrasion 
may be considerable. It is usual to locate the motor jet 
at an elbow, as it is then convenient to aim the jet in the 
new direction. When the conveyor pipe is very long, extra 
nozzles are installed in some cases. When the nozzles are arranged 
in straight pipe they are set at an angle to the axis of the pipe and 
are then not so efficient as they would be if coaxial. An air inlet 
is provided at the beginning of the pipe, for it must be remembered 











Fic. 16 Warer-Seat CHAIN AND Cross-Bar Conveyor at PopLar, 
ENGLAND 


that it is the velocity of a large body of air which carries the ash, 
and not the vacuum. 

As an instance of the speed at which ashes can be handled, a 
plant may be cited containing fifteen 500-hp. boilers equipped with 
Murphy stokers, where the average amount of ashes in each pit 
ranges from 1000 to 1300 lb. One man cleaned out eight ashpits 
in 27 min. from the time steam was turned on until it was turned off. 

Some stokers are provided with clinker crushers, and when this 
is not the case it is becoming increasingly necessary to add clinker 
crushers as part of the ash-handling equipment, so that the clinkers 
may be reduced to such size as the conveyors can handle without 
choking or breakdown. 

The maximum capacity of a 6-in., conveyor is about four tons of 
ash per hour; that of the 8-in., six to ninetons; and of a 9-in. conveyor, 
ten to fifteen tons and even twenty tonsin some cases. The capacity 
depends largely upon the size of the pieces. Ash should not be wet 
or quenched when fed to an air conveyor. Ashes can be conveyed 
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by air conveyors through a horizontal distance of about 


500 ft. and through a rise of about 100 ft. i = 


The cast iron used for pipes and elbows and other | 
fittings is generally made of the hardest possible white | 
iron, such as is not machinable and can only be ground, 
so that connections are commonly made by means of bolts 


slid into open lugs. The wear is greatest at elbows where i 


the ash direction is changed, and it is usual to provide 


! 
“wearing backs” of easily replaceable blocks. } 


Air conveyors use a large quantity of steam while 





running; but as they remove the ash very rapidly, the cost = 
E 


of steam per ton of ash removed is quite small when they |! 
are properly operated. 

Considerable expense ensues if steam nozzles are allowed 
to wear excessively before renewal. Not only is the steam 
consumption greatly augmented, but the increased energy 
of the larger steam jet results in higher air and ash veloc- 


ities with greater wear of pipes, elbows, targets, ete. Such a 
wear of steam nozzles is greatest with wet steam. 3 
In some instances the steam-jet conveyor is objection- Fig. 18 


able because the steam used represents so much water 

lost, and which must be replaced by “make-up.” It is becoming 
increasingly general practice to distill all make-up water so as to pre- 
vent any scale-forming or foam-making salts from getting into the 
boilers. Condenser leakage is diligently looked for and eliminated. 
Therefore, owing to the care with which pure water must be con- 
served, it is obvious that any apparatus which removes water from 
the system, such as steam jets whose steam does not eventually 
reach the condenser, will usually be frowned upon by operating 
engineers. 

One ton of steam will move four to eight tons of ash. With a 
coal containing 12 per cent of ash, two tons of steam would be used 
per 100 tons of coal. Taking an average evaporation of 9 lb. of 
water per pound of coal, the conveyor would use two tons of steam 
out of each 900 tons generated or nearly 0.2 per cent. To allow for 
careless operation or negligent maintenance and other contingencies, 
it would perhaps be advisable to allow, say, 0.3 or 0.4 per cent in 
arranging for extra distillation for make-up. 

Air conveyors generally result in clean basements or firing floors 
because there is less spillage. The first cost is usually lower than 
that of a mechanical system, they take up very little space and can 
be installed in awkward positions, and require very little attention; 
but this is not always a good feature unless periodical inspection is 
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Arr CONVEYOR AT MILWAUKEE SewaGe-DisposaL Power PLANT. PLAN 


without smothering it. It is to convey a minimum of 12 tons 
per hour, with a steam consumption not exceeding 325 lb. of steam 
per ton of ashes. 

The conveyor for soot and fly ash is independent of the ash 
conveyor and has a bore of 6 in. This arrangement usually in- 
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Fic. 19 Arr Conveyvor aT MILWAUKEE SewaGe-Disposat PLant 
ELEVATION 


creases both the capacity and the efficiency over that ob- 
tained with combination conveyors. It is connected to 
the later boiler passes and to the economizer, and dis- 









































charges into a separate target box set upon the top of the 
}} fenewable ash bunker. 
a ig ee ~ The installation at the Lakeside plant of the Milwaukee 
f I —— as — Electric Railway and Light Company is of considerable 
| le all | == - interest because the boilers are fired with pulverized coal. 
| See Fig. 20. There are eight boilers of 1333 hp. each— 
i} | | i] 1306 hp. in the boiler proper and 27 hp. in the form of 
preamy ie —— | > sf < Shite Be ‘ a . tit 
| Supply Ih a water screen at the bottom of the combustion chamber. 
a « 5 (i |{@) (03 | | couleenl<ei This water screen entirely prevents the formation of 
shConveyor » | Air clinker or slag which was so troublesome in some of the 
ee | (C} CO} el ped fiesiie: | | earlier powdered-coal installations. Instead, the ash from 
<3 a Sean ie eet the combustion chamber is a fine powder which is very 


i 


Fic. 17 Air Conveyor with Vacuum SroraGe TANK 
conscientious, because steam nozzles may wear and leaks due to 
abrasion of pipes develop, and these may result in considerable 
waste of steam. The very convenience of the method may develop 
carelessness in allowing the steam to blow when ash is not being 
fel. It is safe to operate because there are no moving parts and 
this feature makes also for small expense of putting in renewals. 
the air conveyors which are being installed by the Conveyor 
Corporation of America at the New Milwaukee sewage plant are 
illustrated in Figs. 18 and 19. The plan in Fig. 18 shows the 
ash conveyor, which has a bore of 9 in., in conjunction with the four 
734-hp. stoker-fired boilers. The hopper ashpits are dumped into 
auxiliary hoppers formed about the conveyor intakes, as will be 
seen in Fig. 19. This permits of rapid feeding of the conveyor 


easily handled by an air conveyor. 
The air conveyors were installed by the Vacuum Ash 
and Soot Conveyor Company, have been in successful 
operation nearly two years, and practically no maintenance work 
has been required during that time; only one nozzle has been 
replaced. 

To recover some of the fine ash which would otherwise be dis- 
charged from the chimney top, a smoke washer is installed in the 
main flue about twenty feet before it enters the base of the stack. 
It consists of two 4-in. pipes placed parallel to each other in the top 
of the flue. These pipes are provided with nozzles of '/,-in. pipe 
1 in. long placed at 3-in. centers along each pipe, the nozzles of one 
pipe being staggered relatively to those of the other. The pipes are 
supplied with about 350 gal. of water per min. at a pressure of about 
6 lb. per sq. in. The jets from the nozzles form a water eurtain 
through which the gases must pass before entering the chimney. 
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Fic. 20 Arr CONVEYOR AND SMOKE WASHER FOR PULVERIZED-COAL FirineG 


AT LAKESIDE STATION, MILWAUKEE 


Actual tests show that 50 per cent of the ash suspended in the 
flue gases is removed by this apparatus. 

The boilers are arranged in two rows of four each, facing each 
other across the firing aisle. There are two conveyors, the main 
line of each being in the floor of the ash alley in front of the fur- 
nace ashpits. Each main line takes care of four boilers. Branch 
lines lead to the ash chambers at the rear of the boilers and also to 
the ashpits under the economizers. 

All the conveyor lines are of 8-in. cast-iron pipe. The running 
length of the two main lines is approximately 200 ft. with a vertical 
rise of 65 ft. The lines from the ash chambers and the economizer 
ash hoppers are approximately 190 ft. long and have a vertical rise 
of 50 ft 

AsH BUNKERS 


Considerable choice of materials and design of ash bins and sup- 
ports is available. A large number, perhaps most, are made of re- 
inforeed concrete. In some cases they are inside the boiler room 
and worked into the general design of coal bunkers, ete., such as 
illustrated in Fig. 14. They are occasionally built so as to span an 
alley, being supported by the buildings on each side. 

Ash bunkers have also been built of brick, but unless very thick 
walls are used, they should either be buckstayed or have reinfore- 
ing bands laid up every five or six courses. The bricks should be 
hard and well burned, and laid in cement. The inner face of the 
walls should be of paving brick. 
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Fic. 21 Water Conveyor at Heit Gate Sration. PLAN 
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Hollow-tile ash tanks have several inherent advantages in 
that they are fireproof, prevent freezing of wet ash, are 
acidproof provide space for steel reinforcing rings within the 
wall, and have a smooth interior surface. The tiles are laid 
up in cement and are provided with key grooves on their 
joint faces. 

Tanks may also be made up of a cast-iron skeleton filled 
in with cast-iron plates, the whole carried on a structural- 
steel framework. Cast iron, being much less subject to cor- 
rosion than steel, makes a durable tank for ash storage. 


WATER CONVEYORS 


In systems of water conveyance the conduits carrying 
water are largely or wholly open. With a plentiful supply 
of water, this method has much to recommend it. There 
is no dust or heat and the ashes are carried away very quickly. 
Owing to the low velocity of the vehicle as compared with 
air, the wear is very small and usually is not troublesome. 
The conveyance, of course must always be down hill when 
open flumes are used, and a grade of 3 or even 4 per cent is 
desirable. 

Where a natural supply of water from an elevator is not 
available a centrifugal pump may be used. The Hell Gate 
plant is an excellent instance of this kind, and the general 
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Fic. 22 Warer Conveyor at LAcCOMBE STatTion, DENVER 
Cross-SEcTIONAL ELEVATION 


layout is shown in Fig. 21. This is a system of ope 
flumes within the boiler room continuing through a clos: 
pipe to the ash setting tank. Tributary flumes are carri: 
along below each line of boilers and empty into a mai 
cross-flume which runs along the boiler room wall nea: 
the turbine room. This main flume then turns a 
becomes a full pipe or enclosed conduit leading to a | 
near the river side into which it discharges. The as! 
are recovered from this pit by a grab bucket operated 

a locomotive crane running on a track laid on the pier, a 
discharged into scows. The scows are towed out a! 
dumped at sea about five miles east of Sandy Hook 
about thirty miles from the plant. 

The flumes within the boiler room are of concrete \ 

a bottom lining of vitrified earthen drain tiles or half-pi; 
Those under the boilers are supported on structural-stvc! 
framework suspended from the firing floor, while the min 
cross-flume is carried on steel trestling. 

A cross-section of the flume under the boilers is shown 
in Fig. 23. The ash as it leaves the clinker grinders drops 
directly into the water and is carried away. Access doors 
lined with common brick are provided so that any ob- 
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struction can be handled easily. ‘These doors may be seen 4 
in Fig. 23. 

The method of water supply is very interesting. Thereis 
a nozzle A at the head of each tributary flume, and an 
ingeniously arranged undercurrent nozzle B at the begin- 
ning of each succeeding ashpit. These undercurrent nozzles 
are at the bottom of the flume and are arranged to dis- 
charge horizontally downstream. They are placed to torm 
steps in the flume so that the ash flows over them. At the 
head of the main conduit is a booster nozzle C. 

lhe water for the various nozzles is taken from the circu- 
lating discharge tunnel and is supplied under pressure by 
12-in. Lea-Courtenay centrifugal pumps direct-driven by 
150-hp. Westinghouse motors. These pumps supply 5000 
gal. per min. against a head of 75 ft., operating at 81.5 per 
ent efficiency. 

Che main pipe line which supplies the water nozzles has 
1 bore of 16 in. and is arranged as a ring as clearly shown in 
lig. 21. 

Fig. 22 shows a cross-section of the flume under the boilers 
f the Lacombe station of the Denver Gas and Electric Light 
Company. The outstanding difference between this plant and the 
me at the Hell Gate station is that there are no clinker grinders. 
{s a result, the flumes are protected by a “grizzly’’ composed of 
heavy bars set 6 in. center to center to withstand breaking up the 
arge clinkers until they can drop between the bars into the flume. 
lhe water stream will easily handle clinkers about 12 in. square and 
15 lb. in weight. 

Water sprays cool the clinkers which are caught on the grizzly. 
Side-hinged doors 18 in. by 23 in. are provided through which the 
inkers can be managed 
The station contains five boilers of 750 hp. each, operated at 250 to 
100 per cent of rating. The coal is a sub-bituminous containing 6 

7 per cent of ash. As the in line, the flume is single 
nd straight. It is all of 2 per cent grade except the curve to the 

i-settling tank, which is of 18-in. vitrified sewer pipe laid hori- 
ntally. The flume and sewer pipe is about 155 ft. total length. 

‘capacity of the setting tank is 3000 cu. ft. 

rhe water passes through a screen and is recirculated, and a 

n. line is used to replenish occasionally the water in the system. 

water is circulated by a 6-in. American open-runner centrifugal 
p driven by The pump delivers about 1100 
per min The system deals with about 


ons of ashes in 24 hours 


boilers are 


a 20-hp. motor. 
against a head of 25 ft. 
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An ingenious that invented and patented by 
Mr. Morrison, of the Great Western Sugar Company of Denver, and 
installed in several of their plants. An example is partly illustrated 
in Fig. 24. A flume into which the ashes are fed is arranged under 
the boilers as in other water conveyors. This flume carries the 
ash-laden water into the suction connection of a centrifugal pump 
which discharges into the conveyor pipe. The conveyor pipe is of 
cast iron, 6 in. bore. Abrasion occurs slowly, but is confined to the 
bottom of the pipe. It is found that by rotating the conveyor 
pipes through an angle of 90 deg. 
is obtained out of each renewal. 

In designing a water conveyor it must be borne in mind that whil 


arrangement Is 


every few years, maximum service 


continuous dumping stokers such as chain grates or those equipped 
with clinker grinders may discharge dirctly into continuously run 
ning water, dumping stokers or any firing system where large elink- 
expected should discharge on to a grizzly of massive 
roken small. The water need only 


ers are to bye 
’ 


bars on which clinkers may be 


be running while dumping is in progress with stokers of the dumping 
type. 

Concrete troughs, if carefully built, will be found to require very 
ittle repair Che inside lining should be smooth and free from 
pits. There should bi plentiful supply of water under a few 
pounds pressure. About 1000 gal. per min. should ipplied 
for each flume. 

With natural draft, means should be devised to provide seals so 
as to prevent too great an excess ot alr (rol passing up through 
stoker dumps. 

When the water is recirculated, the pump should designed to 
handle gritty water, and occasional renewals due to this reason 


must be expected, though they will not be serious. 
As there is often considerable dust and gas generated with stokers 
i doors 


of the dumping type, it is advisable to provide the access 
with latches so that they cannot be blown open 


Ample ventila- 
tion near where ashes are handled should always be provided 

In some localities in winter, trouble may be expected from water 
In particularly cold sit 
uations the wet ash will freeze in the cars and cannot be dumped 
is thawed out. Weather conditions may therefore pro- 
in some instances. 


freezing in the bearings of grab buckets. 


unless it 
hibit water conveyors 


Discussion 


N OPENING the extensive and extremely interesting discussion 

which followed the presentation of the paper, T. A. Marsh! said he 
would like to emphasize the serious effect of small ashpits and ash 
hoppers on stoker maintenance. Aside from the question of draft, 
he said, there was no one item which had caused more stoker failures 
than ashpit design. The cross-bar conveyor in water, shown in 
Fig. 16, had acquired great popularity in this country and he saw 
great possibilities for it. As the economic capacity of a man han- 
dling ash from an air conveyor was five to six tons, he saw no ne- 
cessity of using larger than an 8-in. conveyor system. The remote- 
control steam valve for air conveyor systems, mentioned in the 





1 Chief Engineer, Green Engineering Co., East Chicago, Ind. Mem. 
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paper, for shutting off the steam when the conveyor was not in use, 
was being received with great favor, and it appeared that the steam 
consumption of the average air conveyor might be cut in two by 
the use of this valve. It was very important, he said, to emphasize 
the author’s caution in regard to keeping down the wear of steam 
nozzles in such systems. 

F. B. Allen' discussed the design of ash hoppers which were 
bottom-dumped by means of power-controlled gates, discharging 
into some type of car beneath. It was essential for operating 
reasons, he said, to quench the ashes before dumping. The ordi- 
nary system of quenching by introducing one or two pipes per- 
forated with holes was unsatisfactory as an excessive amount of 
water, with attendant difficulties, was essential for effective quench- 
ing. He then described, with the use of lantern slides, how better 
results could be obtained by running the quenching-water header 
outside of the hopper with a series of offtakes to quenching nozzles 
located through the hopper walls. Each quencher sprayed water 
in fine particles over the ash, and could be independently controlled 
and cleaned from the outside. He also gave particulars regarding 
the gates of this type of hopper. 

R. H. Beaumont? said that in his opinion an ash-handling sys- 
tem should be capable of meeting the following conditions: (1) It 
must be capable of handling very large clinkers; (2) it must be of 
such design that abrasion has little or no effect on its parts, so that 
repairs are negligible; (3) it must not consume much power, nor 
waste it running idle; (4) it must be capable of lifting ashes to a 
good height without being subject to excessive wear by so doing; 
(5) it must handle either red-hot or dripping wet ashes with equal 
facility; (6) it must operate without making dust or exceptional 
noise; (7) it must have a high hourly capacity; (8) it must handle 
the general run of boiler-room refuse, such as soot, flue dust, broken 
bricks, grates, etc.; (9) it must accommodate itself to plant exten- 
sion without complete remodeling; and (10) it must deliver ashes 
into a storage bunker so that they are acceptable as railroad freight. 
He described also the automatic electric skip hoist, which he con- 
sidered the most important device used today in the handling of 
ashes. 

Nevin E. Funk* said that ash-handling systems could be di- 
vided into two classes: those easy to operate and easily repaired 
without putting the entire apparatus out of commission; and those 
with no flexibility at all, which put at least one section of the boiler 
room out of commission in event of failure, and which cannot be 
aided by some crude makeshift in time of failure. In the first 
class he put the railroad car, the industrial railway with storage 
battery or trolley locomotives, and possibly the water-sealed ash- 
pit of Fig. 10. In the second class he included all mechanical, air, 
and hydraulic conveyors. The use of railway cars did not mean 
raising the boiler room much more than required by many other 
schemes. He pointed out that even with a continuous ash-disposal 
system there must be sufficient storage to take care of periods of 
breakdown. He criticised a system which was used for both coal 
and ash because of the chance of getting ashes in the coal. He 
did not like the water-seal chain and cross-bar conveyor of Fig. 16 
because of the liability to breakage. Even with two such systems 
parallel the breakage of one might easily result in the breakage of 
both; and it would not be easy to make repairs to such a system 
while the boilers were in operation. Speaking of the air-conveyor 
system with vacuum storage tank shown in Fig. 17, he said that 
there was danger of an explosion in such a system as gas might 
easily be generated in the tank. He was sure that hydraulic sys- 
tems, even those depending upon flotation, would soon wear out 
due to abrasive action of the water and ashes. 

Nixon W. Elmer‘ spoke of the problem of ash disposal in a powd- 
ered fuel plant. 

I. E. Moultrop' said that of the three great handling problems in 
the power plant-handling water, coal, and ashes—that of handling 
ashes was the greatest. He spoke of the cost of disposing of the 





1 New York City. 

2 Pres., R. H. Beaumont Co., E. Chicago, Ill. Mem. Am.Soc.M.E. 

3 Operating Engineer, Philadelphia Elec. Co., Philadelphia, Pa. 
Am.Soc.M.E. 

«Cons. Conveyor Engineer, Quincy, Mass. Mem. Am.Soc.M.E. 

6 Asst. Supt. Construction Bureau, Edison Elec. Illum: Co., Boston, Mass. 
Mem. Am.Soc.M.E. 


Mem. 


Vou. 45, No. 2 


ashes after they had been removed from the power plant. A very 
large ashpit, he said, was absolutely essential. Ashes should be 
taken away with the use of as little machinery as possible, as one did 
not want machinery which, in case of breakdown, would interfere 
with the removal of ashes. He agreed with Mr. Funk that the best 
scheme was the industrial or steam railway because, in case of 
breakdown, the ashes could be dumped on the floor, later to be 
carried away. 

T. Maynz' spoke of the necessity for ash storage space. In his 
plant an industrial railway with skip hoist to storage had been 
installed. In case of breakdown the ashes are dumped on the floor. 
The problem, he said, was not to cut down the head room of ash- 
pits, but to give them all the room possible. 

Sam H. Libby’ spoke of some of the difficulties confronting the 
designer of hoists for ash-handling systems which resulted from 
incomplete or incorrect information about the details of what was 
expected of his designs. 

E. H. Tenney* wrote in part: “In connection with the use of air 
ejector systems in downtown districts we found that, other things 
being equal, a great deal of consideration had to be given to the 
prevention of dust. In the particular installation in mind this 
was eliminated by the careful design of water spray rings and the 
proper installation of a standpipe vent on the ash-receiving tank. 
We have also found that where ash hoppers are located outside the 
plant so that trucks or other conveyances can drive beneath them, 
for loading purposes, considerable difficulty was encountered in the 
winter time, due to the ash gates freezing. This difficulty was 
easily overcome by the installation of small steam lines on all such 
ash-hopper gates for the purposes of thawing them loose. This 
point should not be lost sight of in building overhead ash hoppers 
where the question of hurried ash removal is necessary, as is the case 
with office-building or hotel power plants.” 

Rankin Eastin‘ sent in a description of the ash-sluicing system 
which he had installed at the Tell City Water & Light Company, 
Tell City, Ind. 

Charles E. Prout® described the G. & G. telescopic hoist which is 
adaptable to ash-removal systems in hotels and office buildings 
when the ashes must be elevated to the street from a boiler room 
below ground level. This system was applicable, he said, to two 
conditions found with such types of building: those in which a 
wagon or railway car could be brought alongside and the cans 
emptied without removing them from the hoist, and those in which 
the cans could not be dumped without removal. The average can, 
he said, weighed about 150 lb. and could be elevated and returned 
to the basement at a spéed of 60 ft. per min. 

Eugene Hahn* presented an extensive discussion of the problem 
of removing ashes on shipboard. 

George G. Bell’ presented a written discussion in which he 
showed how the necessity of ash-handling equipment became acute 
when coal of high ash content and low fusing temperature was 
used for power purposes. He spoke also of the difficulty of proper 
quenching of the cinders and of the gases produced in the ashpit. 
He emphasized the need of a large ash-storage capacity to tide over 
difficulties with the ash-handling apparatus or with labor. He 
described, with lantern slides, the water-sealed type of ashpit 
originally proposed by Frederick Sargent for the Springdale plant 
and which was being installed in the extension of the Windsor plant 
of the West Penn Power Company. 

In his closure to the discussion, John Hunter touched on some of 
the points brought up but said that he did not wish to enter into a 
detailed reply until he had an opportunity to do so in writing. He 
was sorry that his paper had been submitted to the printer before 
he had been able to include data on the G. & G. system which had 
been mentioned in the discussion. 
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Stresses in Electric-Railway Motor Pinions 


Determination of Their Distributi 


By PAUL HEYMANS,' CAMBRIDGE, MASS., anno 

This paper embodies some results of a general scientific study undertaken 
by the General Electric Company for the development of superior electric 
railway motor pinions. The work described was performed at the Massa- 
chusetts Institute of Technology, using the General Electric Companys 
apparatus for stress determination in transparent models by the photo- 
elastic method. Some of the supplementary mechanical tests were made at 
Schenectady, and throughout the work close contact was maintained with 
the Railway Motor Department and the Research Laboratory at Schenectady. 
A brief description and discussion of the photo-elastic method is first given, 
following which the stress distribution in, and the causes of ruptures of, 
given types of gear pinions used in electric-railway motors, as investigated 
by the photo-elastic method, are reported upon and discussed. 


HE state of stress at any point in a solid body is determined 
when the traction across every plane through the point is 
known. There exist at any point three orthogonal planes 
across which the traction is purely normal and which are called the 
planes of principal stress. The normal tractions across those 
planes are called the principal stresses. The state of stress at any 
point is completely determined by the direction and the magnitude 
of the principal stresses at the point under consideration. The 
principal stresses, given in direction and in magnitude, express in the 
most general and complete way the elastic state at any given point. 
The bending moment, the shearing forces, etc., are readily deduced 
from the direction and the magnitude of the principal stresses 
Furthermore, one of the 
maximum stress. 
The notion of principal stress may be illustrated 
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Fie. 1 Exuipsormat ELement ResvuLtTING FROM 
SuBJEcTING A SPHERICAL ELEMENT TO STRESS 


principal stresses always expresses the 


as follows: 
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Consider a spherical element in a solid body. External applied 
loads will deform this spherical element into an ellipsoidal element 
Fig. 1). The axes of this ellipsoid will correspond in direction and 
in magnitude to the direction and the magnitude of the principal 
stresses. 

The orientation and the form of the ellipsoid and therefore the 
direction and the magnitude of the principal stresses, will define the 
state of stress at the point under consideration. 

The axes of the ellipsoid represent the largest and the smallest 
deformation at the point under examination. Correspondingly, 
the principal stresses give the direction and the magnitude of the 
maximum and the minimum stress. 

If the three principal stresses vary from point to point in the 
structure, the problem to be dealt with is a three-dimensional elastic 
one. If one of the three principal stresses vanishes throughout, it 
is a two-dimensional elastic or plane-stress problem. 

‘ Research associate in industrial physics, Massachusetts Institute of 
Technology. Assoc-Mem. Am.Soc.M.E. 

* General Electric Company, Research Laboratory. 

Presented at the Annual Meeting, New York, December 4 to 7, 1922, of 
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m by the Photo-Elastic Method 


A. L. KIMBALL, Jr.,2 SCHENECTADY, N. Y 


Corresponding to the three- and two-dimensional elastic-stress 
problems there are also the three- and two-dimensional elastic- 
strain problems, when the deformations corresponding to the princi- 
pal stresses are considered.! 

A great number of structural problems (bridge, ship, airplane, 
plate, dam, etc., construction) are, or their stress analysis may be 
reduced to, two-dimensional elastic problems. 


THe Puoto-Evastic METHOD oF STRESS DETERMINATION 


As set forth at the beginning of the paper, the state of stress at 
any point is most completely defined by the direction and the mag- 
nitude of the principal stresses. These are, therefore, 
which we wish to determine for a complete analysis. 

The photo-elastic 


the elements 


method solves the two-dimensional elastic 
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The darkest portions of the image reproduced above are purplish in the original; 
the next lighter portions, bluish green; the next lighter, reddish orange; and the 
lightest, yellow 


problems. It primarily takes advantage of the double refracting 
properties shown by isotropic transparent substances when put 
under stress. The stresses in the structure may therefore be deter- 
mined from models made of a homogeneous transparent material, 
and ordinarily on a reduced scale. The stresses in a steel, cement, 
or any other structure, homogeneous throughout and obeying 
Hooke’s law of linear proportionality between stress and strain, 
may be readily deduced from the values obtained by the analysis 
of the corresponding transparent model for the case of two-dimen- 
sional elastic problems. 

If plane polarized light is passed through a stressed specimen of 
celluloid and afterward through a second nicol prism whose prin- 
cipal section is parallel to the plane of polarization of the original 
beam of light, only the points where the principal stresses are re- 
spectively parallel and perpendicular to the principal sections of the 
crossed nicols remain dark. The result makes it possible to deter- 
mine the directions of the principal stresses at any given point. 

If now circularly polarized light be passed through the specimen, 
by interference of the two component rays, which in the double- 
refracting specimen have suffered a relative retardation at each 
point proportional to the difference in magnitude of the two prin- 
cipal stresses, a colored image is obtained. Practical considerations 
make it impossible to reproduce these colored images here, but an 
idea of their general appearance may be gained from Fig. 2. 

By a comparison method, based upon the interposition in the 
proper direction of a comparison member of constant cross-section, 
put under uniform tension in a suitable frame (Fig. 3), the value of 
the difference of the principal stresses at any given point may be 
read on the dynamometer of the frame. 





1A complete theory of stress and strain may be found in the Treatise 
on the Mathematical Theory of Elasticity by A. E. H. Love, 3rd ed , chap- 
ters i-iv. 
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Now, in the two-dimensional elastic problems the transverse 
deformation, i.e., the deformation along a normal to the plane of the 
two principal stresses, is proportional tothe sum of those two stresses. 
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Fie. 4 LatTerat EXTENSOMETER DESIGNED BY P. HeEYMANS 


By means of a lateral extensiometer, Fig. 4, we measure this trans- 
verse deformation. From the values of the differences and the sums 
of the principal stresses, the separate values of each of them are 
computed, thus determining completely the state of stress. 
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btained on a 
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is 


A question naturally arising is whether the results o 
transparent body such as celluloid hold for structural m. teria 
It is shown by the general discussion of the equations of elastic 
equilibrium that in the case of strain or plane stress in an isotropic 
body obeying Hooke’s law of linear proportionality between stress 
and strain, the stress distribution is independent of the moduli of ela 
ticity and consequently of the material of which the body is made 
Thus the stress distribution experimentally determined in the cas¢ 
of a celluloid body is the same as it is when the bi “ly is made of any 
other isotropic substance such as iron, steel, ete., obeying Hooke’s 
law, in distribution, direction, and magnitude. Moreover these 
conclusions derived from the general theory of elasticity have been 
checked by experiment. 

The photo-elastic method can be applied to the great majority of 
structural problems, not only in taking the place of mathematical 
computation, but particularly in solving those structural problems 
Moreover 
it has the great advantage of giving the maximum stress at each 
point throughout the whole structure, and it therefore offers an 
effective of and reducing superfluous 
material. 


where mathematics becomes too involved to be of help 


means increasing safety 


STREsS DIsTRIBUTION IN GEAR PINIONS 


When accidents occur with gear wheels, besides the metallurgi- 





“~~ | 


B 























FRAME Usep For AppLyING Loaps TO CELLULOID MopELs oF 
PINIONS 
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cal question, three possible causes of failure suggest themselves 
a The gear wheel may not have been properly designed 
b It may have failed under an excessive load 
ce When the pinion was shrunk hot or forced on to a tapered 
shaft, an excessive inside radial pressure may have bee! 
set up. 

It is easy to see that the ordinary methods of resistance calcu- 
lation of gear wheels, based on considering the tooth as a cantilever 
loaded at its end, would not be expected to give reliable and com- 
plete information as to stress distribution, not even for the root 
section of the tooth which is under consideration. 
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Indeed the shape of the tooth, the curvature at the root, the by foreing a tapered plug into the bore; and Table 1 gives the rup- 
ratio of the diameter of the pinion bore to the root and outside ture load popu d Lo the tapered arbor forced into the bore IO! the 
diameter, the permanent stresses introduced by the placing of the different specimens. These confirm the photo-elastic results 
pinion on the shaft, ete., all affect the stress distribution and the Previous to the photo-elastic investigation of the stresses due to 


maximum stress. Photo-elastic analysis shows that these factor 
iffect the stresses considerably more than would be expected irom 
present methods of estimating. For standardized pinions the correc- 
tion coefficients can only partially take account of these factors 
lor special pinions or for pinions of which more efficient running 
is required, a photo-elastic analysis seems to be the best if not the 
only effective way to determine the stress distribution and to locate 
the maximum stress 

Certain interesting points have been brought out by photo-elastic 
analysis which have been checked by tests earried out on steel 


sections. These are 


particularly interesting because they weré 
unexpected. 
Besides the stress distribution in the different sections of the pin- 
ns represented by Fig. 5 the photo-elastic analysis has given as 
imaximum stress under normal inside radial pressure and normal 
que: 


80,000 Ib in. for tooth form A 


70,350 Ib. per sq. in. for tooth form B 
60,900 lb. per sq. in. for the tooth C. 


per 8q 


Moreover the 12-tooth pinion shows, besides a smaller maximum 
tress, a better stress distribution 
ised for the loading of the models. 


used to produce Tie 


Fig. 6 represents the fram 
A tapered expansion ring is 


radial inside pressure in pinion sections, fracture due to pure ra- 


dial inside pressure would have been expected to occur through the 
minimum radial cross-section 
From the color image obtained in the photo-elastie analysis when 
normal inside pressu lone was applied, it appears that the regions 
rABLI RUPT RI LOAD IN ARBOR FORCED INTO SPI IMENS 
rt rEbD 
I ‘ 1 “> 1 R ea R | ad 
} a4 85.006 
I S54 1 OOF 
I 4 17 OOF 
inde the teeth are under higher fré and that the points at the inside 


boundary right under the teeth are points of maximum 
rhe regions in question in the color image mentioned are similar 
in appearance to the region A in Fig. 2 


Fig. 8 gives the fractures obtained on steel sections 


stress. 


Two of the 
sections show fractures right through the thickest layer of material, 
while all of them started at points where the photo-elastic analysis 
had revealed The uneveness of the material 

he fracture in one of the cases. 


must account for the deviation of the 
Can al Vv statement be made as to the causes of the failure by 


inspection of the sh 


maximum stress. 


ape ot the tracture 


In the case in which the 


authors were inter- 
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rinking or forcing 
e pinion on _ the 
ft can only be 
timated. The pinion may be assumed to be a plain circular ring, 
r which case the stresses may be mathematically computed. The 
ress at any point of the ring as well as the maximum stress in the 
ng depends upon the lengths of the inside and outside radii. The 
inion generally expressed is that for the case of the pinion the maxi- 
im stress will be intermediate between the maximum values 
tained for rings of which the outside diameters are respectively 
equal to the root diameter of the tooth and to the outside diameter 
the pinion, the inside bore being the same. 
Photo-elastic analysis shows that the gear pinion is even weaker 
the plain circular ring whose outside diameter is equal to th 
' diameter of the tooth. The change of external profile, due to 
‘ presence of the teeth, although requiring an addition of ma- 
terial, weakens the structure. 
igs. 7 and 8 show the steel specimens after having been tested 
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As before said, either 
the placing of the 
pinion on the shaft, 
il carelessly done, for 
instance by pounding 
the pinion heavily on 
the tapered shaft, or 
excessive torque and 
blows due to sudden 
meshing or the taking 
on of a heavy loac, 
will set up dangero is 
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stresses. 

The authors’ 
photo-elastic analysis 
has shown that the 
sections of dangerous stresses are different for different values of inside 
radial pressure and applied torque load. 

The fracture shown in Fig. 9 is of an open V-shape. Photo- 
elastic analysis shows that the higher the inside radial pressure be- 
comes, for a given torque load, the sharper becomes the V-shape of 
(Fig. 10.) If the fracture is due to 
too high a torque load the angle of the V will approach 180 deg. 
Tests on steel sections have been made with a specially built im- 
pact machine. 

Without inside radial pressure the fracture obtained is a straight 
line through the root section of the tooth. With increasing pres- 
sures the V-shaped fracture becomes sharper. For an inside 
radial pressure exceeding the elastic limit, however, the observation 
does not hold. The reason for this departure from what the photo- 


the section of dange rous stresses. 
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Torsion of Crankshafts 


By S. TIMOSHENKO,'! PHILADELPHIA, PA. 


In order to apply the dynamics of elastic systems to the design of engines 
it is necessary to determine the torsional properties of the crankshaft. In 
the present paper the author considers the case of a crankshaft with a single 
throw and establishes the mathematical relations for such a case. He in- 
vestigates three conditions of such a crankshaft; (1) no constraint, corre- 
sponding to ample clearance in the bearings; (2) complete constraint, cor- 
responding to no clearance in the bearings; and (3) partial constraint, 
corresponding to ample clearance in the halves of the bearings nearest the 
web and no clearance in the other halves. 


NGINE design no longer comprises merely the application 
of statics, more attention being now paid to the fact that in 
various types of engines there is not even an approximation 

of a state of equilibrium. If there are variations in the torque and 
in the magnitudes of the force, they are necessarily cyclic, and as 
such they produce cyclic changes in the state of motion and defor- 
mation of the parts. The problem is no longer one of statics, 
but concerns the dynamics of an elastic system. Variations in 
the state of motion are associated with inertia forces, and the 
stresses in the various parts of the engine are no longer due to the 
actually impressed forces alone. Obviously, calculations which 
consider only the impressed forces must lead to erroneous results, 
and frequently a break occurs where the designer thought there 
was an ample margin of strength. Moreover cyclic changes in the 
state of deformation of a crankshaft, for example, bring about a 
cyclic change in the orientation of the various cranks, and the 
balance of the reciprocating parts, which may exist without such 
changes, is totally destroyed. With reciprocating engines the cyclic 
changes in the state of motion, referred to above, concern princi- 
pally changes of the velocity of rotation. In order to apply the 
dynamics of elastic systems to the type of engine just mentioned, it 
is necessary to determine the torsional properties of the crankshaft. 
This is the object of the present paper, which deals with the simpler 
cases and will be followed by another discussing the two- and three- 
cylinder two-bearing crankshaft, the multi-throw crankshaft, and 
the effect of clearances in the bearings. 

On account of the very complex structure of reciprocating engines, 
the calculation of the torsional vibrations in their crankshafts 
is impossible without making some simplifying assumptions: namely, 
that certain parts, such as shafts, are considered to be elastic, 
and others, such as flywheels, armatures of generators, etc., are 
considered to be absolutely rigid. With these assumptions the 
engine may be reduced to a system of flywheels situated on a shaft 
of uniform diameter. This shaft is called the “equivalent shaft;’’ 
its diameter may be chosen arbitrarily, but its length between 
each two flywheels must be such that it is equivalent as to torsion 
to the actual shaft between corresponding parts of the actual engine. 
That is to say, a given twisting moment M must produce the same 
torsional deformation in both. 

The length of the equivalent shaft is called the reduced length 
ly. If we denote by the torsional rigidity C of a shaft the product 
of the modulus of shear G into the quantity which measures its 
resistance to twist, then by elementary mechanics we have for the 
twist 6 of a straight shaft of length / of whatsoever cross-section 
(provided it is uniform), 





In the above, as well as in the following, angles will be expressed 
in radians and all other units in inches and pounds. 
For a circular cross-section, 
Ras ced va bees whdee tates [2] 


wherein @ = md‘/32 is the polar moment of inertia of the cross- 
section. 





1 Consulting engineer, Vibration Specialty Co. 

Contributed by the Research Committee and presented at the Annual 
Meeting, New York, N. Y., December 4 to 7, 1922, of THe AMERICAN 
Society or MEcHANICAL ENGINEERS. Abridged. All papers are subject 
to revision. 
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Similarly, we have for the equivalent shaft: 


M 
jee wOA...%.......0505. (3] 
Co 
from which— 
Cl = Ol 
ee ee re er, 
°= GF r [4] 


As the foregoing shows, the calculation of the reduced lengths of 
the equivalent shaft has no difficulty for those portions of shaft in 
the actual engine which are straight. When the actual shaft is 
a crankshaft, however, the situation becomes very much more 
involved since it becomes necessary to determine the angular 
deformation 6 brought about by a twisting moment M. Owing to 
the complex geometric shape of a crankshaft, these calculations can 
be accomplished approximately only. Various assumptions will 
have to be made, of which some are only roughly true. It is assumed 
that the throw is built up of component shapes whose deformations 
are totally independent of each other. Further, it is necessary to 
make certain assumptions about the nature and amount of con- 
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Fig. 1 CONVENTIONAL TyPE OF SiNGLE-CYLINDER, Two-BEARING CRANK- 


SHAFT 


straint in the bearings. In the present paper only the single-throw 
crankshaft (Fig. 1) will be considered, and therefore the very con- 
siderable influence on it of the neighboring cranks will be neglected. 
Calculations will be made with three degrees of constraint. 


DEFINITIONS AND SYMBOLS 


Fig. 1 shows the conventional type of a single-cylinder, two-bear- 
ing crankshaft. In addition to the dimensions shown thereon, the 
following is a list of the definitions and principal symbols used in 
the paper: 

Torsional rigidity, generally denoted by C, is the product of the 
modulus of shear G into the quantity corresponding to its resistance 
to twist. For a circular cross-section the latter is the polar moment 
of inertia of the cross-section in respect to the axis of twist. For 
a rectangular cross-section the quantity referred to is more com- 
plex. The formula usually used is only approximately true 

Flexural rigidity is similarly the product of Young’s modulus 
into the quantity J corresponding to the resistance of the cross 
section against bending. The latter is always the equatoria 
moment of inertia of the cross-section with respect to the axi 
of bending. 

us 


55 4eG = torsional rigidity of equivalent shaft 


Co == GO = 32 


C, = Gb, = = d,4G = torsional rigidity of journal 


ll 
Il 


C; 


G6, = = d.4G = torsional rigidity of crankpin 


C; = G6; = torsional rigidity of web in respect to twist around 














Freprvuaky, 192% 


O-O. Owing to the junction of journal and pin to the web, the lat- 
ter’s cross-section is not clearly defined, but in order to allow for 
local stresses at these junctions, at least in some measure, the as- 
sumption is made that the cross-section is a rectangle with sides r 
and c, whence 
cjr3 
6; mm 
3.6(c? + r?) 
C,’ GC,’ 
around p-p. 
whence 


torsional rigidity of web with respect to twist 
The cross-section is rectangular with sides A and ec, 


B, El, 54 dtk flexural rigidity of journal 
B, EI — doAK flexural rigidity of crankpin 
, he ; rae : , 
B El 3 FE = flexural rigidity of web against bending in 


the plane through p-p perpendicular to the plane of the drawing of 
Fig. 1. 


~ 
=| 
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Fig 2a Fig 2b 
hic. 2a DiaGRAMMATIC REPRESENTATION OF SINGLE-THROW CRANKSHAFT 
Berore DEFORMATION 
Fic. 2b Diagrammatic REPRESENTATION OF Sipe View or Derormep 
(CRANKSHAFT 
nwid,? : ; 
F, = { area of cross-section of journal 
' rds? : : 
F, = ‘ area of cross-section of pin 
F;' =hXce area of cross-section of web taken on O-O 
F; = r X c is taken to be the cross-section of the web on line 
p-p. This quantity is used in the calculation for the deformation 


due to shear in the plane through p-p perpendicular to the plane of 
hig.1. Similarly, as in the case of torsion, around O-O the cross-sec- 
tion is not clearly defined and r X c is used to allow for stresses at 
the junction of pin and journal to the web. 


Case I 


No ConsTRAINT, CORRESPONDING TO AMPLE CLEARANCE 
IN THE BEARINGS 


rig. 2a is a diagrammatic representation of the throw before 


deformation with a twisting moment M applied at the middle 
cross-section of the journals. Fig. 20 is a side view of the deformed 
crankshaft. The total twist consists of the sum of the deformations 
of the portions b (see Fig. 1) of the journals, of the crankpin and 


if the two webs. 
in the complete paper it is shown that— 


PDh¢ -* ZhC 


aC 4 
C; C2 Cs B; 


2rCo 


ly _ were ecesees [5] 


Case II—Consrrarnt at BeEaRtNGs CoMPLETE, CORRESPONDING 
To No CLEARANCE 


The deformed crank is shown diagrammatically in Figs. 3a and 
3). The constraint gives rise to a force A and a moment represented 
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by the vector M, at each of the journals. The forces A and mo- 
ments M, act in a plane through the axis of the journals perpen- 
dicular to the plane of the throw. 

It is shown in the complete paper that 


} 2bC5 ; r\ Co on (4 rie 
‘oC « sea” 2k) Cs 
mi r\ Cot : 
Sis (: - 4 B; | 6) 


from which it is seen that the reduced length of the throw is com- 
pletely determined if we know the fraction r/k. For A Oork 
2 we must have the case of no constraint and, indeed, by placing 
k = @ in [6] we obtain [5]. The effect of the constraint is therefore 
measured by the quantity k. And in the special case where 2 
a and C, C. we can immediately compare the case of a com- 
plete constraint with no restraint and find that the constraint de- 
creases the reduced length in the ratio of 1 to [1 — (r/2k)]. 
The author then proceeds to determine Equation [7], 
makes it possible to calculate k, whence | 
+ is a coefficient having the value 1.2. 


which 
is obtained from [6]. 








Fig Sb 


Fies. 3a anpd 3b DIAGRAMMATIC REPRESENTATION OF DEFORMED CRANK— 


Case II 
r(a+h)? . ar’  . hr? ya 9r yh 
- T am T TS say. wp ore > 
, 40 2C, ' 24B, ' 3B, 4C, 2G FG" FG... 
[= — mae —eneum aes ead |i 
ar 4 r? 4 hr 
2C, 2B; 20; 


This equation is at variance with the equation given by Geiger 
(Ueber Verdrehungsschwingungen von Wellen), for which reason, 
and as a check on the above results, the derivation of k and l by 
means of Castigliano’s theorem is given in an appendix to the com- 
plete paper. This method is particularly useful in more compli- 
cated cases where the deformation of the throw is not as easily seen 
as in the preceding case. 


Case I[I—ParriaL ConsTRAINT 


It is here supposed that there is ample clearance in the halves 
of the bearings nearest the web, and no clearance in the other half. 
See Figs. 4a, 4b and 4c. In this manner we will now have bending, 
as well as torsion, in the halves of the journal next to the webs, a 
condition which no doubt prevails in practice. The author finds 
that— 
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r(a+h)? . ar? a’ r3 hr? ya yr yh 
ee oe ee op errant ip are oe eee he pe 
AC 2C2 34B,* 3B. + 10, * IPG ° F;'G F3G 
ar ft =a 
_ a i ; 
20, " 2B 2C3 
53 b2(a + 2h) b(a + 2h)? xb , 
+t Oooo OS tS [Ss 
3B, 2B, 4B, I 1G 
NUMERICAL EXAMPLE 
Let d,; = d 10.25in.; a = 13in.; r llin.; b = a/2 6.5 
in.; A = §.51n.; c = 14in. Then 
7 X 10.2542 5.5 <X 144F es 
2, = 2 «= ————— = 4: B, 2 —— = 1258F 
64 12 
: w X 10.25! ” 
C, = Cz ———G = 1085G; 
32 
mg 14* & 5.5? 
C,’ = —__—_—__ ¢ = 562G 
3.6(14? + 5.5?) 
14° x 113 
C3; = x G = 3200G 








3.6(142 + 11?) 


Take F/G = 2.6 and the diameter of the equivalent shaft equal 








L OY a eee 
0 | or ges — 

: a ani an aa 

i. ae 

—s - | 

a Ab” Alar2h)b? +2h)? 
| Deflection at 0=—5-+ _ aa = 
A vVe7 2B, 4B, 

Fig4c 


Fias. 4a, 4b, 4c DiaGramMaTic REPRESENTATION OF CRANKSHAFT— 
Case III 


to the diameter of the journal, whence in this example Cy = C, 
C,. Then, when there is no constraint (Case I), substitution i 
Equation [5] gives— 


— 


l, = 37 in. 
For the case of a complete constraint (Case II), Equation [7] gives— 
k = 31.6 in. 


and since in the present case 2b = a, the complete constraint re- 
duces Jo in the ratio— 


, 
1 (1 - 7) = 1:(1 — 0.174) 
that is, the reduced length is reduced by 17.4 per cent. 
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In the case of a partial constraint (Case III), Equation [8] 
gives— 
k 14.2 in. 
and the reduced length, as compared with the case of no constraint, 
is reduced in the ratio of— 


1] 
I:{1l- — 
2 X 44.2 


that is, by 12.5 per cent. 

These examples plainly show the effect of the constraint at the 
bearings. The more complete it is, the stiffer the shaft and the 
shorter the reduced length. The calculations further show that an 
increase in the diameters of journal and pin and an increase in the 
length of the pin cause an increase of k and thereby a reduction of 
the effect of the constraint and reduced bearing pressures A. On 
the other hand, an increase in the thickness of the web brings about 
a smaller length * and a corresponding augmentation of the bear- 
ing reactions. 





Corrosion Problems 


A PAPER on Corrosion as Affecting Metals Used in the Mechani- 
4 cal Arts was read on December 5, 1922, before the Sheffield 
Association of Metallurgists and Metallurgical Chemists, by Dr. 
W. H. Hatfield, Brown-Firth Research Laboratories, and past- 
president of the Association. The object of the paper was to give 
the particulars and results of an interesting set of experiments 
made at these laboratories to decide upon the resistance of typical 
industrial metals to various corroding agents. Dr. Hatfield re- 
ferred to former work in the matter of various steel alloys, including 
that by Brearley in regard to stainless steel, and added that acid 
tests—the means generally employed—gave no direct indication, 
unfortunately, of the usefulness of an alloy for general corrosion- 
resisting purposes. A 30 per cent nickel steel was very resistant 
to sulphuric and hydrochloric acids, but was rapidly soluble in nitric 
acid of 1.20 specific gravity. The 14 per cent chromium steel was 
readily soluble in hydrochloric and sulphuric acids, but insoluble 
in nitric acid, while the 15 per cent silicon stee], although practic- 
ally insoluble in all three acids, could not be considered completely 
rustless. These outstanding facts led largely to the carrying out 
of the experiments. 

The materials dealt with numbered over twenty, and in addition to 
pure irons, carbon steels, alloy stee!s, cast-iron, they included ni- 
chrome and a good selection of non-ferrous metals. 

He drew the two following conclusions: (1) There were now avail- 
able steels and alloys which could effectively resist ordinary corrod- 
ing influences. The different alloys, while at times each resisting 
the same media, did not give the same response to other media 
It was essential in the application of corrosion- and acid-resisting 
alloys for actual practical experiments to be made in connection 
with the particular application intended, since not only composi- 
tion, but also concentration, temperature, and extraneous influences 
had to be considered. (2) There was no obvious law, or set of 
laws, at present available, nor was any existing working theory 
sufficiently satisfactory to render effective aid to the investigator. 

In regard to determining the relation which might exist betwee: 
the electrode potential and solubility, it being understood that 
solubility was a function of electrode potential, the author said th: 
main remarks to be put forward were: (1) When rapid solutio: 
took place the potential was highly negative; (2) when the potential! 
had a high positive value very little corrosion or chemical action 
took place; and (3) otherwise the magnitude of the potential gav: 
no indication of the solution properties of the metal. Another point 
worthy of note was the fact that in those cases in which rapid 
corrosion took place with evolution of gas, the potentials in hydro- 
chloric and sulphuric acids were approximately the same, while in 
the case of the normal acids (acids containing 1 gram of available 
hydrogen per liter) the potential in nitric acid was about 0.2 volt 
less negative than in the other two acids. No satisfactory explan:- 
tion of these observations could be put forward. The history of the 
metal would have some influence on the measured electrode poten- 
tial, as shown by a table included in the paper. Engineering, Dec. 
15, 1922, p. 747. 
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The Design of Cooling Towers 


By ( Ss 


The author points out that engineers have designed cooling towers in the 
past on empirical information and in accordance with the experience of 
previous successful designs. Wide departure from standard designs is diffi- 
cult because of the lack of scientific basis for the design. The author there- 
fore establishes the general principle applicable to cooling-tower design and 
derives equations for the use of the designer. He presents a quantity of 
experimental data to substantiate the validity of his formulas and shows by 
an actual experiment how these formulas are applicable to the design of a 


counter-current cooling tower. 


HI° factors influencing the design of cooling towers have been 
studied by a number of investigators. There has been, how- 
ever, no statement of the influence of these factors of such a 
nature that it has been possible to calculate easily the performance 

a given tower under widely varying internal and external con- 
ditions. Engineers have found that towers of specified construction, 
when operated at specified air and water rates, may be expected to 

ol water to within a certain number of degrees of entering air 
tempeature and to discharge the air from the tower nearly saturated 
it some temperature approaching that of the entering water. In the 
ibsence of anything but empirical information, towers are therefore 
onstructed along certain well-established and successful lines. 
However, this empirical knowledge will not enable the engineeer to 
predict what will happen when conditions depart widely from stand- 
ird practice. 

Investigations carried on by the Department of Chemical Engi- 
neering at the Massachusetts Institute of Technology under the 
direction of W. K. Lewis in connection with humidification and air 
lrying, have led to the development of fundamental conceptions as 
to the mechanism involved in the transfer of heat between liquids 

nd gases and in the vaporization and condensation of liquids and 
vapors. It is the purpose of this paper, which is based on the 
rinciples demonstrated in one written by Professor Lewis,’ to 
ow how these concepts can be applied to the particular case of 
oling towers, and to devise by these means methods by which the 
gineer can simplify their design. 


GENERAL PRINCIPLES 


There are two principles upon which all of the subsequent work 
| be based, (a) the conservation of matter and energy, and 
the potential concept. The latter may be expressed briefly as 
effect upon the rate of flow of matter or energy of the driving 
ce applied. 

‘he conservation of energy as applied to a cooling tower may best 
shown by means of a heat balance. This can be written as 


Syw(ty — to) = Ws'(T1 — To) + Wr'( A, — y)....... [1] 
where 8s = average specific heat of the water between the bottom 
and top of the tower 
w = weight of water leaving tower 
s’ = humid heat*@f the air entering the tower, that is, the 
heat required to raise one degree in temperature one 
pound of dry air plus the water vapor H that it 
contains 
T = temperature of air 
t = temperature of water 
W = weight of air (moisture free) entering tower 
r’ = total heat of water vapor at the top of the tower at 
the temperature of the leaving air minus the heat of 
the liquid of water at the temperature of the entering 
water. ; 
i 


Department of Chemical Engineering, Massachusetts Institute of Tech- 
hology,. 
_* W. K. Lewis, The Evaporation of a Liquid into a Gas, MecHanicaL 
ENoingerino, July, 1922, p. 445. 

* Wm. S. Grosvenor, Trans. Am. Inst. Chem. Engrs., 1908. 

Presented at the Annual Meeting, Dec. 4 to 7, 1922, of Tue AMERICAN 
Soctery of MECHANICAL ENGINEERS. Slightly abridged. All papers are 
subject to revision. 
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MASS 
The subscripts 1 and 0 refer to the top and bottom of the towe1 
respectively. 

] quation [1] is ' 
in cooling-tower problems, usually in the approximate forn 

w(t; — lo Ws(T, — T Wri, — H 

average humid heat and latent h 
the top and bottom of the tower, respe ctively. 


used universally by engineers at the 


where s and r are the 

The potential concept may be applied to both the rate of transf 
of heat from the liquid to the gas and to the rate of diffusion of 
water vapor from the liquid to the gas, as shown in the followir 
paragraphs. 

The rate or flow of heat is proportional to the temperature: 
difference between the liquid and the gas, and the rate of diffusior 
of water vapor is proportional to the difference between the vapor 
pressure of the liquid water and the partial pressure of the water 
vapor in the gas. The amount of heat flowing from the water to the 
gas per unit time would therefore be 

WsdT = haAdx(T ’ (3 
where h is the coefficient of heat transfer per unit area sq. ft.), 
the square feet of cooling surface per cubic foot of volume of the 
tower, A the cross-sectional area of the tower, and the height ol 
the tower. 

In the same way the weight of the vapor 


would he 
Vou = k’aAdz(P’ — ; (4 


where k’ is the diffusion coefficient in pounds per unit area « 
surface, P’ the vapor pressure of the water, and } 

of the water vapor in the air. all partial pressures ; 
nearly proportional to the absolute humidity 7, Equation [4 
be written as 


vaporizing per unit tim 


of eXPoOset d 
the partial pressure 


Since for sn 


WdH = kaAdzx(P H 
where P, the vapor pressure of the water 
absolute humidity, that is, 
at the temperature of the water in questior 


, IS expressed in ter 
the absolute humidity of saturated 


- 1 


Dividing [5]! by 


gives 
lH kK(P —.H 
IT hid] j 
The mechanism by which the heat passes from water to the 
t flows first from thi 


; 1 


may be understood by considering that the hea 
interior of the water to the surface, and then from the surfacé 
through a substantially stationary air film in contact with the sur- 
face to the moving air. 

It has been shown® that / s when h refers to the coefficient of 
heat transfer through the air film only. If the total coefficient of 
heat transfer from the interior of the water to the moving air be used 
instead of h, the ratio h/k would not equal s, but would only approx- 
imate it to a greater or lesser degree according to whether the heat 
flow through the water took place easily or with difficulty as com- 
pared with the flow through the air film. 

Unless otherwise noted A and k will henceforth refer to the overall! 
coefficient of heat transfer and vapor diffusion, respectively. 

Therefore, taking h/k = s, [6] becomes— 

di P-H 

qT T-t 
Equation [7], stated in words, says that the differential increase in 
humidity of the air is to the differential increase in temperature of 
the air as the humidity difference between the air and the water is 
to the temperature difference between the air and the water 

Equation [7] when integrated between proper limits would give 
the change in humidity and temperature of the water in its passage 
through the cooling tower. However, while the humidity of the 
air and the vapor pressure of the water are related to each other 
and the temperatures of the air and water are also related, the re- 
lationships are nevertheless of such a nature that exact integration 
is impossible, and an approximation is obtained by the following as- 
sumption. 


(7 
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It will be noted that the temperature difference between the water 
and the air in a counter-current cooling tower does not change 
greatly between the top and bottom of the tower, nor does the dif- 
ference in humidities between the water and air. It is therefore a 
justifiable assumption that the average temperature difference is 
approximately equal to the arithmetical mean temperature dif- 
ference, and that the average humidity difference is approximately 
equal to the arithmetical mean humidity difference. It may there- 
fore be said that for the whole tower the total increase in humidity 
of the air is to the total increase in temperature of the air as the arith- 
metical mean humidity difference between the air and the water is 
to the arithmetical mean temperature difference between the air 
and the water. 

For the tower shown in Fig. 1 where the subscripts 0 and 1 
represent conditions at the bottom and top, respectively, there may 
now be written— 
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93 
= 0.0195 ~ 4900 
Q .ene = sensible heat picked up by the air per minute 


= Ws(T; — 7»), where s is the humid heat as read from the 
humidity chart’ (s = 0.25) 
= 3700 X 0.25(90 — 71) = 18,000 B.t.u. 


t = mean temperature difference between air and water 
= (105 — 90 + 84.7 — 71)/2 = 144 
ha X vol. = B.t.u. picked up as sensible heat by air in the whole tower per 
degree temperature difference 
18,000 
= - = 1250 
14.4 . 
h ha X vol. 1250 
= = = 0.26 
k ka X vol. 4800 
ha X vol. Se 
ha = — where “‘vol.”’ is the volume of the tower. 
Ul. 


The dimensions of the tower in Test 1 were not given in the article, 
but other information led to the assumption that the tower was 10 x 10 X 
22 ft., a volume of 2200 cu. ft., whence— 



















































































Hy, — Hy Hy, — P, oa H, = Po [8] 1250 4800 
7" — — “a - . Ul ha = - = (0.57 and ka = =~ 2.18 
T; — Ty T; —t+ T'o — to 2s 2200 - ‘ 2200 
which is the integrated form of Equation [7]. TABLE 1 COOLING-TOWER TEST DATA 
I-XPERIMENTAL Data “Test [Tower] . | « | Be lGderl 2 ‘ 
No No. 7 qT f to | hum min. | Q y 
Che author has collected and arranged in Table 1 the 2 ar ee Ck ae eee —_, —_—— 
° ° 71 90 05 | 84.7 0 | 65 } 110,500 53,900 
results of twenty-three tests made by himself and others H | : | 72 93 107.8 | 87.5 60 638 108,000 | 50,100 
rariqna tynea oft cool: 3 1 64 o 6 fia l|lC888 60 | 638 124,500 | 51.400 
on various types of cooling 4 1 | 69 92 | 108.5 87 48 | 643 115,000 52,200 
7, H, tp towers. 5 1 83 95 109.9 90.5 48 640 103,400 50,600 
a , eon 6 1 43 101 116 98 75 632 94,800 23,500 
Tests 1 to 5 were on a ~ 1 60 6| «118 135 115.8 73 630 102,000 15.575 
slat type of forced-draft 8 2 82 | 99 115 83 65 617° | 176,800 | 72,700 
TP: 6 1.7 were oi 2 75 96 109 81 74 668 168,800 72,700 
tower, 6 and ¢ were on 10 4 oF a 71.3 7 500 78.000 
w the same tower operating 11 4 75.8 87.7 95.1 89.1 85 248 12,400 11, 100° 
> ‘ ‘ af 2 4 77.0 103.9 | 112.1 99.2 78 230 | 24,700 9,080 
under natural draft, and 3 : 70°0 | 112.1 | 193:3 | 108:8 74 219 | 32'400 8'490° 
Test 23 was on a Wheeler- 14 4 76.1 89.9 94.4 87.9 60 288 | 15,500 9:700° 
‘ 15 4 76.9 101.7 | 106.5 95.5 60 278 25,400 8,930° 
Balke tower, all described 16 4 77-0 | 112.9 | 123.7 105 2 57 259 39'800 8'970¢ 
i ‘ ; 17 4 72.1 | 91.2 94.5 88.0 78 | 254 13,700 8,090° 
in the Journal of the Ohio + : sa | wea tue | eee a. oH on lao ry 
Ww Society of Mechanieal, 19 4 76.6 115.0 | 132 1 109.4 68 237 44,700 9.500" 
. ° " . 20 | 4 72.9 90.9 92.4 88.4 87 269 | 8,900 6,16 
Electrical and Steam En- 21 | 4 | 72.3 | 105.4 | 113.3 | 100.6 89 257 27,000 8,870° 
gineers, vol. 7. Tests 8 22 4 2.7 115.2 128.2 108.1 SS 241 40,200 8,800° 
23 | 5 91 106 109 97 59 | 3,200 319,000 125,000° 
and 9 were on a forced- 
draft slat-type tower de- E  oag No | Ho | Po | Mm | Pi | H Ww | Aw | ka X vol 
- scribed in the Journal of | = = - iene 
7 ‘of the American Society of 3 | 1 | g-ane | G-0ge | Gest | $080 | Sous | gms | ae | $388 
° ° 7 “the 2 Olt 28 x .055 95 < S82 ,200 
: - Refrigerating Engineers, 3 1 0.008 | 0.029 | 0.037 | 0.062 | 0.023 3460 | 100 4'300 
Fic. 1 DraGrammatic REPRE- vol. 3. 1916-17 » 32 at 7 0.007 0.028 | 0.033 0.056 0.022 3560 89 4,000 
SENTATION OF COUNTER-CUR- pee Bios ‘, BP. Os. | 3 0.012 | 0.031 | 0.036 | 0.058 | 0.0205 | 3420 82 4,000 
ment Coouna Towsn ‘Test 10 wasonanatural- © ¢ | } | 9.0m | Ooi | Goss | g.ars | gous | tse | oe | ey 
, 7 - ° ° 7 7 | 75 2 57 5 } lf 
: draft tower described in s | 2 | 0.015 | 0.024 | 0.041 | 0.068 | 0.018 | 5200° | 135 7,500 
the Transactions of The American Society of Mechanical 9 ‘ 0.014 | 0.023 | 0.037 | 0.057 | 0.0145 | 5276° | 121 8,300 
Engineers, vol. 31, 1909, p. 75. Tests 11 to 22 were on an ~ ; : a pe ; se : so : on pond = ’ i 
aiat* 5 26 3H 2 ra. 9.5 7 
experimental Badger spray-type tower erected at the 12 4 0.015 | 0.041 | 0.045 | 0.063 | 0.022 648° 19.4 880 
aiatn liaintsnaslities wt d ‘ ilies 13 4 0.016 | 0.051 | 0.059 | 0.090 | 0.033 606° 26.7 810 
Massachusetts Institute of Technology, and the results 14 4 0.011 | 0.029 | 0.029 | 0.035 | 0.012 693° 12.5 1,040 
have not been previously published. 15 4 0.011 | 0.037 | 0.043 | 0.052 | 0.018 638° 20.4 1,130 
" ; , 16 4 0.011 | 0.050 | 0.061 | 0.090 | 0.034 641° 32.0 940 
The method of calculating the data may be explained by 17 4 0.013 | 0.029 | 0.031 | 0.036 | 0.0105 | 578° 10.4 990 
Tes 18 4 0.013 | 0.042 | 0.047 | 0.066 | 0.024 644° 21.9 910 
reference to Test 1. 19 4 0.013 0.058 | 0.065 | 0.118 | 0.049 602° 36.0 730 
= te u f inle ai x. fe 20 4 0.015 0.029 0.030 | 0.033 0.0085 44. 6.6 7380 
To, yi ~ . ae _— a a —- air, deg. fahr. 21 4 0.015 | 0.043 | 0.048 | 0.065 | 0.023 623° 20.9 910 
hi, (to) = temperature of inlet (outlet) water, deg. fahr. 22 4 0.015 | 0.055 | 0.066 | 0.104 | 0.039 628° 32.0 $20 
Rel. Hum.= relative humidity in per cent 23 | 5 | 0.019 | 0.039 | 0.051 | 0.057 | 0.013 | 8250° | 273.0 | 21,000 
Q = heat given up by water in B.t.u. per min. . a 
ee ke - lan 
tine ics od oe 
= 1c Te ol air per minute sida tabs . 
Ho = absolute ery of inlet air in pounds of water i 1 18,000 14.4 1250 0.26 0.57 2 13 
per pound of dry air, as read from humidity chart 2 1 21,000 15.2 1380 0.33 0.63 1.91 
Po = equivalent absolute humidity of outlet water, i.e., 1 32,000 20 : 1570 0.36 0.71 1.96 
idity ; ated : 4 1 24,000 17. 1390 0.35 0.63 1.82 
the absolute humidity of air saturated at the 5 i 12'000 10:7 | 1120 0.28 0°51 1 82 
water temperature 6 1 | 26,000 | 35 740 | 0.37 | 0.34 | 0.91 
H, = absolute humidity of outlet air, assuming saturation 7 1 15,000 36.4 410 0.37 0.19 0.50 
P; = equivalent absolute humidity of inlet water S 2 23,000 24.5 1470 0.20 0.46 2.36 
H = mean humidity difference between the air and water 9 2 29,000 25 1720 0.21 0.54 2.61 
0.026 — 0.006 + 0.050 — 0.031 10 Bo] cseeee “98 eee oeee nes 
= = 0.0195 11 4 2,400 10.4 230 0.29 0.17 0.57 
2 12 | 4 4;300 | 15.2 | 283 | 0.32] 0.20 | 0.64 
W = pounds of dry air per minute, as calculated from the 13 4 4,400 18.9 233 0.29 0.17 0.59 
volume of air V divided by the humid volume (the 14 4 2,400 8.2 292 | 0.28 | 0.21 0.75 
bic f : ° 15 4 4,000 11.7 342 0.30 0.25 0.82 
cubic feet occupied by one pound of dry air plus 16 4 6,200 19.5 318 0.34 0.23 0.68 
the water vapor which it contains, as read from 17 4 2,800 9.6 203 0.30 @.33 0.72 
the idi 18 4 5,100 | 18.9 270 | 0.30 t 0.66 
rm Pager chart) 19 | 4 6.900 | 25.0 276 | 0.38 | 0.20 | 0.53 
w = pounds of water evaporated per minute 20 4 2,000 8.4 238 0.31 0.17 0.57 
= W(H: — Ho) = 3700(0.031 — 0.006) = 93 21 4 5,000 18.1 276 0.30 0.20 0.66 
. wh & 
ka X vol. = pounds of water evaporated in the whole tower per 22 4 6,600 | 24.2 273 | 0.33 | 0.20 | 0.59 
minute per one pound mean humidity difference 23 5 31,000 4.5 7,000 0.33 . 



































1 Wm, 8S. Grosvenor, Trans. Am. Inst. Chem. Engrs., 1908. 


® Assumed values. © Calculated values. 
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u = linear velocity of air through the total cross-section of the tower _ tionship between the amount of heat transferred by conduction and 
— r : that eliminated by evaporation which is represented by Equation 
=‘ - = 540 ft. per. min. = . ; | 
10 X 10 [8]. Finally, the capacity of any cooling tower is determined by 
ka 2.18 


—= - = 0.0040 
u 540 ‘ 


The most interesting tests are those numbered 1 to 7, which have 
been quoted several times in articles by different investigators. 
In these tests the first five were under forced draft, while the last 
two were under natural draft, with much reduced air velocity. 
A plot of ka versus air velocity for these seven tests gives a straight 
line passing through the origm, 

It has been noticed by others! that the rate of cooling in towers 
is approximately proportional to the air velocity. Investigations 
at the Institute being carried on at the present time indicate 
that ka for humidifying apparatus in general is probably proportional 
to a power function of the air velocity something less than one, but 
for the present, at least, linear proportionality is a fairly close ap- 
proximation. While k is the actual coefficient of diffusion per square 
foot of surface, since in many types of towers the active surface 
cannot be accurately measured the coefficient ka is used instead, 
where a represents the actual surface in square feet per cubic foot 
of tower. In most towers a is uniform throughout the volume of 
the tower. 

It is therefore justifiable to call the value ka/u the “‘tower con- 
stant” and to use the value of this constant as a means for comparing 
the operation of towers of various sizes and types. Thus for tower 
No. 1 the average value of ka/u is 0.0037 and the average deviation 
from this value is 0.00021, or less than 6 per cent, while the max- 
imum deviation is 0.0006, or 16 per cent. The important thing 
indicated by these tests is that ka/u was unaffected whether the 
tower was operated with forced or with natural draft. 

Tower No. 4 has an average value of 0.00475 for ka/u, with an 
iverage deviation of 10 and a maximum deviation of 31 per cent. 

Tower No. 2 has an average constant of 0.0080, which is high 

ompared with the other towers tested. The drop in pressure 
through this tower was not published. It would be interesting to 
compare its drop in pressure with that in other towers which show 
smaller tower constants. It is of course obvious that a high tower 

mstant can be obtained by obstructing the flow of air through the 
tower by cutting down the mean free area, but this again is at the 
expense of friction and back pressure. Wherever possible the drop 
in pressure through the tower should be measured and published. 

The average value of the humid heat of air in a cooling tower is 
about 0.25. It will be noted that the column h/k in Table 1, which 
should be approximately equal? to s, has values of the same order of 
magnitude in general, but which are somewhat higher. The reason 
for this as predicted from the statements made in Par. 12 is shown 
by the fact that, while the surface of the water is at a lower tempera- 
ture than the interior, making the true A for the air film greater, 
the value of k was calculated for the average water temperature 
instead of using the surface temperature. The latter is lower and 
would give a higher value for k. But since the vapor pressure of 
water rises more rapidly than the temperature, the ratio of A to k 
‘alculated on the average water temperature would be greater than 
hat calculated on the lower surface temperature, which was the case 
in all but two cases in Table 1. The experimental data are therefore 
offered as proof of the validity of Equation [7]. 

Information regarding the size of tower in Test 23 was not avail- 
able. It would be interesting to compare the values of ha and ka 
ior this large tower with those of the smaller ones in the previous 
tests. 

The results of the calculations of the test runs are felt to confirm 
a remarkable manner the conceptions regarding humidification in 
general as developed by W. K. Lewis, furnishing as they do ample 
experimental proof of their validity. 


nh 


APPLICATION OF Equations DEVELOPED To Tower DesiGn 

The value of the foregoing equations with respect to cooling- 
tower design may best be shown by means of an example. 

In any cooling tower the law of conservation of energy must 
apply. This law is represented by the heat balance of Equation 
{1}. Furthermore, in any cooling tower there is a necessary rela- 

‘Jour. Am Soc. Refrig. Engrs., vol. 3. 1916-17, p. 32. 


_*W. K. Lewis, The Evaporation of a Liquid into a Gas, MEcHANICAL 
ENGINEERING, July, 1922, p. 445. 


the rate of transfer of heat and the rate of diffusion of vapor in it. 
These rates are dependent upon the design of the tower, and can 
only be determined on the basis of experimental data on the perform- 
ance of towers of the type in question. The capacity factor is 
covered by Equation [3] or Equation [5] in the differential, but in 
actual design it is more satisfactory to use an integrated form of 
Equation [5] obtained by the use of arithmetical mean humidity 
differences and represented by Equation [9]. The combination of 
these three equations represents the conditions that must obtain in 
any tower and therefore serve as a proper basis for tower design. 

The coefficient ka/u expresses the volumetric capacity of any par- 
ticular type of tower. Experimental determination of this con- 
stant is necessary before design can be accomplished. 

It is necessary for the engineer to select the type of tower most 
suitable for his purpose, and, from previous tests on towers of simi- 
lar type, obtain values of ka which can be anticipated. In general 
certain specifications must be met. There may be: 

Weight of water to be cooled, w ( = 3000 gal. per min.) 

Temperature of water to be cooled, t; (= 110 deg. fahr.) 

Temperature to which water must be cooled, t, (= 80 deg. fahr.) 

Average (or worst) outside air temperature, 7’) (= 80 deg. fahr.) 

Average (or worst) outside air humidity, Ho 0.0130, i.e., 

60 per cent relative humidity) 
for which the values in parentheses may be taken, those for 7) and Ho 
being the worst atmospheric conditions under which a tower must 
cool the water at 80 deg. fahr. 

It will be noted that the condition of reducing the temperature of 
the water to that of the entering air is exceptionally severe and will 
call for a tower considerably larger than usual, since towers rarely 
have to meet such specifications. 

There are in this case three unknown conditions, the temperature 
and humidity of the outgoing air, and either the volume of the 
tower or the ratio of the amount of air to the amount of water. The 
air-water ratio is usually determined by the type of tower selected 
and is therefore known, leaving the volume of the tower as the third 
unknown. 

In order to calculate these unknown quantities three independent 
equations are needed. These may be taken as Equations [2], [8] 
and [9], and an integrated form of Equation [4] obtained by em- 
ploying the same assumption as that used in integrating Equation 
[7], namely, 


Woh, ~ id « tote = maz... . [9] 


Equations [2], [8], and [9] may be solved simultaneously for A,, 
T,, and Ax (which latter equals the volume of the tower). The 
author has seen fit to solve for W instead of Az, but after H, and 7, 
have been found it is easy to convert the solution for W into that for 
Ar. 
u (t; — to) 
s(2T) — th — to) + r(2He — P, — Po) 
uth — te) — er 
© paArs(2T> — th — to) + r(2Ho — P, — Po) 

In the particular problem m question, suppose that a forced-draft 
slat-type tower such as was used in Tests 1 to 7, whose tower con- 
stant ka/u is 0.0037, be selected. Towers of this type are found 
to be economical when handling 6.5 gal. of water per min. per sq. 
ft. of ground area with an air velocity of about 500 ft. per min. 

The area of the proposed tower will therefore be 3000/6.5 = 460 
sq. ft., and the volume of air will be 500 K 460 = 230,000 cu. ft. 
per min. The humid volume of one pound of dry air as read from 
the humidity chart is 13.8 cu. ft. Therefore— 


9: 
W = ed = 16,700 lb. per min. 
also— 
w = 3000 X 8.3 = 25,000 r = 1050 (approx.) 
t, = 100 Hy, = 0.013 
to = 80 P, = 0.0585 
s = 0.24 Po = 0.022 
Ty = 80 ka = 0.0037 X 500 = 1.85 
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Substituting these values in Equation [10] and solving for Ax gives 
41,500 cu. ft. for the volume of the tower, and since the ground area 
was determined to be 460 sq. ft., the tower height would be 41,500 
160 = 90 ft. The severe conditions imposed account for the 
great height required. 

If the tower be built as calculated, the performance under any 
other atmospheric conditions may be readily calculated by sub- 
stitution in the proper equation. 

The author realizes that the foregoing methods of calculating 
cooling-tower performance do not form the complete solution of the 
problem, and that the ultimate design of the best tower will depend 
upon the striking of an economic balance between the size of the 
tower and the cost of moving the water and the air. He feels, 
however, that this method of calculation is distinctly in advance of 
anything which has thus far appeared in print, that it furnishes a 
convenient and accurate tool for the designing engineer, and that 
it is the necessary basis for the economic balance referred to. 

Finally, the author wishes to urge the inclusion of more complete 
and more accurate data in published accounts of tower performances. 
Of all the published tests studied, only those tabulated had suffi- 
cient data to enable them to be analyzed, and even then, in most 
assumptions were necessary. Inaccurate data are often 
Test No. 10 is an example of this, the heat of vaporiza- 
tion alone being considerably greater than the total cooling of the 
water, which inaccuracy renders the test useless for purposes of 
A more complete knowledge of the effect of varying 
conditions on ha and ka can only come from studies of large numbers 
of accurate tests, and it is upon such increased knowledge that 
advance in tower design depends. 


cases, 


common. 


analysis. 


Discussion 


B. H. Coffey' wrote that the members of the American Society 
of Refrigerating Engineers present at the session would remember 
that Mr. George Horn and he had devoted much time and study 
to this subject. They were therefore gratified to see the theory of 
cooling towers becoming of interest to the scientific men of college 
faculties as instanced by Mr. Robinson’s paper. If the unequaled 
experimental facilities and mathematical ability of our great engi- 
neering schools became engaged upon this subject, they believed 
it could be shortly put upon a practical basis for the general pro- 
fession. 

All cooling towers, Mr. Coffey wrote, were more structural 
assemblages of cooling surface, the cost of which was by far the 
largest item in the installation. For this reason the designer and 
purchaser were peculiarly interested in the area of surface required 
to do the specified cooling. The discussion would therefore be 
confined to the points bearing on this part of the subject. 

Equations [3] and [4] showed the dual heat currents that always 
existed between air and water when not in thermal equilibrium, 
both expressions containing a cooling surface term and transmission 
coefficient. In Equation [3] the potential or driving force was 
temperature difference and in Equation [4] pressure difference 
For future reference they—Mr. Coffey and Mr. Horn—wished 
to point out that by simple transposition in each equation the sur- 
face increment would equal the heat increment multiplied by the 
reciprocal of the potential and consequently for zero potential the 
surface increment was infinite. 

By ingenious use of the connecting constant s, Equation [7] 
was established showing the relation between the latent and sen- 
sible heat currents. The author failed to integrate this equation, 
however, and resorted to an approximation with which they took 
issue. 

This approximation was based upon the assumption that the 
mean of the extreme differences was the true mean and the assump- 
tion was based upon the stated fact that in counter-current cooling 
towers the pressure and temperature differences did not change 
greatly between the top and bottom of the tower. No evidence 
was offered to support this statement, which they disputed. Re- 
ferring to Table 1, tests 1 to 7, the temperature differences at the 
bottom of tower as a percentage of those at the top ranged from 
91 to 366 per cent, and on the same basis the pressure differences 
varied from 83 to 148 per cent. These figures were sufficient to 
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east grave doubts upon the author's statement and basis of his 
approximation and that probably the mean potentials he obtained 
were not the true means. 

If the mean potentials were incorrect the mean transmission 
coefficients h and k which were derived from them were incorrect 
and the ratio h k would be incorrect. Referring to Table l, col 
hk, they found this ratio varied from 0.20 to 0.38 when it should 
be approximately constant and about 0.25. The 
these wide discrepancies given by the author wa 
to them. 

The extraordinary height of tower, 90 ft., to meet the not partie- 
ularly severe conditions as obtained from the simultaneous Equa- 
tion [10], was they believed, due to incorrect mean potentials 

As a further test of Equation [10] they had used for final water 
temperature 69.7 deg. the wet-bulb temperature of the entering 
air. Under these conditions the total potential became zero and 
the cooling surface infinity, as pointed out above. The calcula- 
tion resulted in a tower 230 ft. high instead of infinity, which they 
again would attribute to incorrect mean potentials. 

In their opinion this line of attack upon the cooling-tower problem, 
while promising, had failed to produce working formulas that ex- 
pressed the cooling process. They suggested as a basis using total 
potential equations. The relation h/k = s gave a means of con- 
verting temperature potential into equivalent pressure potential 
or the reverse. The total potential could be thus expressed either 
in temperature or pressure alone and the problem much simplified. 

They noted with regret the absence of any reference to the wet- 
bulb temperature in the paper, a physical quantity universally 
regarded of the greatest importance in this subject. 

W. M. Grosvenor! wrote that it was a real satisfaction to find 
after fourteen years that a piece of one’s own work stood the test 
of time and was still of use to other engineers, particularly in such 
a very admirable consideration of cooling towers as the author had 
given in his paper. The article on Calculations for Drier Design 
to which he referred had been published in the Proceedings of thi 
American Institute of Chemical Engineers and the Heat) 
Ventilating Magazine for 1908, when the best available data on 
humidity were those of the U. 8S. Weather Pureau, and on thes 
figures the calculations were based and the resulting curves plotted 
The conception was there introduced of representing what might 
be called adiabatic evaporative cooling by lines intersecting th 
curves of relative humidity on a chart having temperatures as one 
ordinate and weight of moisture per lb. of air, volume per |! 
B.t.u. per lb. of air when damp (humid heat), ete., on the other 
ordinate. This had proved to be a very useful and easy way 
calculation. Some three years later at the annual meeting 
The American Society of Mechanical Engineers for 1911, in a paper 
entitled Rational Psychrometric Formulae, Willis H. Carrier had 
used this method of presenting a newly caleulated set of curve 
based, Mr. Grosvenor believed, on more accurate data than thos 
of the Weather Bureau. It seemed to him that Mr. Carrier had don 
a very excellent and valuable piece of research work that was very 
thoroughly discussed at that meeting but had received too littl 
attention since. This valuable paper contained no reference t 
any previous publication of humidity charts with adiabatic cooling 
lines, ete., but Mr. Grosvenor desired to call the author’s attentior 
to it and to ask for it the careful consideration he believed it dk 
served. 

Now that we had in the author’s work the foundation laid f 
a more logical and clear understanding of the data needed for pet 
fecting the design of cooling towers, it became the obvious duty 
of engineers having cooling towers under operation to determin: 
as well as they could the conditions of operation and communicat: 
the information to him. He would then be in a position to sugges! 
changes in operating conditions if not in design and on the basis 
of the results before and after could revise and perfect what should 
be a very valuable solution of a problem that was becoming 1! 
creasingly important with municipal growth. 

L. A. Phillips? asked if the author’s formula for cooling towers 
which, in the example in the paper had resulted in a tower 90 ft 
high, had been checked with a tower of commercial height, say, about 
30 ft. 


1 Cons. Chemist and Factory Engr., New York, N. Y. 
2 New York, N. Y. 
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Size Selection of Drv-Vacuum Pumps 
| 


By EDWARD W. NOYES! ann HAROLD 

In pumping from almospheric pressure down to a given vacuum with a dry 
vacuum pump, as during the process of exhausting a closed tank, the volu 
metric efficiency of the pump varies from that at atmospheric pressure to 
that corresponding to the given vacuum and an average value has to be de 
termined to use in the theoretical formulas which apply to this kind of service 

Two methods of determining the average volumetric efficiency were suc 
cessively tried out by the authors and results plotted in the form of curves, but 
these results did not check satisfactorily with those obtained in actual tests of 
an installation. The process of calculation employed in the second (and 
somewhat more accurate) method was then reversed, and work ing u ith actual 
test data, values were obtained from which a ‘‘constant’’ curve was plotted, 
this curve giving closely accurate results from 80 per cent perfect cacuum up 
W ith the aid of this ‘“‘constant” curve two charts have been plotted, by means of 
which it is possible to determine rapidly and with sufficient accuracy (/) the 
size of pump required to exhaust a given volume to a specified degree of 
vacuum in a predetermined time; or (2), where a cacuum pump is already 
installed, the time required to exhaust a given volume to a specified degree of 
vacuum 


RY-VACUUM PUMPS are subjected to two different kinds 
of service, one of which may be classified as continuous 
vacuum service, in which the intake and delivery pressures 
remain practically constant during the operation of the pump; and 
the other as variable vacuum service, in which the intake pressure 
varies from atmosphere down to some low vacuum during the opera- 
tion of the pump, as would be the case in exhausting a closed tank 
The dry-vacuum pump is employed on the latter class of work in 
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many of the industries, notably in (1) creosoting and impregnation 
f wood; (2) dehydrating of food products; (3) in textile and dye 

works to assist in the penetration of the fabrics with dyes; 
‘trical establishments, to remove air from insulation; 
in the extraction of wax from waste wax paper. 


4) in 
and 
(he problem of determining the size of vacuum pump required 
evacuate a tank of given size to a certain degree of vacuum in 
a predetermined time seems to be a rather elusive one, and the 
urpose of this paper is to present a method for its solution which 
will apply to any set of conditions, and which may be quickly used 
to determine the correct size of pump, with accuracy sufficient for 
al! practical purposes. 

‘ Sales Engineer, Sullivan Machinery Company of Claremont, N. H., and 
Chicago, Ill. 

Presented at the Annual Meeting, New York, December 4 to 7, 1922, of 


Tae American Sociery or MecuanicaL ENGINgERS. Abridged. All 
papers are subject to revision. 
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STURTEVANT CLAREMONT, N. H 

The experimental work described was conducted at the Claremont 
N. H., plant of the Sullivan Machinery Company, and the ma- 
chines used were the standard, straight-line, belt-driven vacuum 
pumps manufactured by that company 

Two methods of determining the average volumetrie efficiency 
were successively tried out by the authors and the results plotted in 
the form of curves, but these results did not check satisfactorily 
with those obtained in actual tests of an installation. The process 
of calculation employed in the second (and somewhat more accu- 
rate) method was then reversed, and, working with actual test data 


values were obtained 


form which a ‘“‘constant’’ curve was pl tted 
lig. 1 shows this constant curve plotted against percentage of 
perfect vacuum. ‘The individual constant curves of which it 


Is an average show somé divergence between zero and SU per cent 


pertect vacuum, so that within this range the results obtained by 
using the chart are sligl tly inaccurate Krom SO per cent up, 
however, the values given are accurate ill practical purposes 











, 5 4 S + 
J Cc 4 0 0 ic i c cc y ct 
Detan - = at nar DO ~ An ror art + 4 a > 
4 c- . x 
with Povo 4 { > Different Vo 10 = ft 
f,,4 a 4 c » f a6 > 4 — 4) 
vai l Y as 
——— - ~ J - ul ~ - 
Fic. 2 Dry-Va mM Pump Piston DisepLacemMeNT ReQuIRED TO ExHaustT 
a | SED SPACE 


It is evident that this curve is to be used in connection with the 
general formulas for solving any vacuum-pump problem rather than 
the average volumetric-efficiency curve, because the former has 
been determined from the results of tests on an actual installation 

In the general formulas given respectively in Figs. 2 and 3 there 
exist direct and inverse relationships between the variables which 
may be taken advantage of in plotting the curves. 
in the formula of Fig. 2 » varies approximately inversely as n anc 
directly as V, and in the formula of Fig. 3 n varies approximately 
directly as V and inversely as v. 

This relationship makes it possibl to plot the formula of } ig. 2 
for some given values of V and n, such as V 1000 and n 600, 
and with v and the percentage of perfect vacuum as the variables. 
Then for any given case where the values of V and n are different 
from those in the plot, the value of v required would be directly pro- 
portional to V and inversely proportional to n. Likewise the form- 
ula of Fig. 3 can be plotted for some given values of V and v, such as 
V 100 and v = 0.5, and with n and the percentage of perfect 
vacuum as the variables. Then for any given case the value of n 
required would be directly proportional to V and inversely propor- 
tional to v. 

The value of v thus obtained was multiplied by 2 and divided by 
the constant determined by trial and plotted as piston displacement 
per revolution in Fig. 2. The value of n was divided by 2 and by 
the constant and plotted in Fig. 3 as total revolutions required. 

Fig. 3 will apply to cases where the displacement of the pump is 
assumed or known and it is desired to find the total number of revo. 


For example . 








Bo ale 


104 MECHANICAL ENGINEERING Vou. 45, No. 2 


lutions required to exhaust a given volume to a predetermined 
vacuum. Knowing the time which may be used in the process, 
the r.p.m. of the pump may be obtained. A barometric pressure 
of 29.5 in. was used in the computations and the results plotted 
against percentage of perfect vacuum, so that the curve will apply 
with any barometric pressure. In using the curves, the average 
barometric pressure over a long period of time in any given locality 
should be used. Knowing the degree of vacuum desired, the per- 
centage of perfect vacuum can be readily calculated. Following is a 
sample calculation used in the determination of this curve. 

Barometer = 29.5 in.; vacuum in inches of mercury = 24; percentage of 
perfect vacuum = (24/29.5) X 100 = 81.3; V = 100 cu. ft.; v = 0.5 
cu. ft. Then— 

P, = (29.5 — 24) X 0.4912 = 2.70 lb. per sq. in 

P, = 29.5 X 0.4912 = 14.49 lb. per sq. in 
Also, from Fig. l, 

K = 0.81 
Whence 


s ho € ; log 14.49 — log 2.70 ) 
Total revolutions = 2 x loz (100 + 0.5) — log 100) * 0.81 


= 207.95. 
Hence at 81.3 per cent perfect vacuum is plotted 207.95 revolutions. This 
same process was followed for about twenty different points and the curve 


thus obtained. 


Fig. 2 will apply to problems in which the total revolutions or 
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r.p.m. and time are known or assumed, and it is desired to calculate 
the piston displacement necessary to-exhaust a given volume to a 
predetermined vacuum. A sample calculation used in the determi- 
nation of this curve follows. 





Barometer = 29.5 in.; vacuum in inches of mercury = 25; percentage 
of perfect vacuum = (25/29.5) XK 100 = 84.7; V = 1000 cu. ft. Then— 

P, = (29.5 — 25) = 4.5 in. P, = 29.5 in. 

n = 600 

a x 1000 
allies (F-)"" -Toe ( 4.5 /0.0016667 ~ 1000 
P, 25)’ 
= 3.138 


Actual piston displacement per revolution = 3.138 & 2/0.76 = 8.258 cu. 
ft., where 0.76 is the value of K from Fig. 1 for 84.7 per cent perfect vacuum. 

Thus piston displacement of 8.258 cu. ft. per revolution was plotted 
against $4.7 per cent perfect vacuum. This process was repeated for many 
different percentages of vacuum and the curve obtained. 


The problems which may be solved with the aid of the formulas 
of Figs. 2 and 3 will vary in nature, but a few typical cases will be 
worked out in order to illustrate the application of the curves. 

First and most important is the case where it is desired to deter- 
mine the size of pump required to exhaust a given volume to a cer- 
tain degree of vacuum in a predetermined time. 

I—Given a volume of 5000 cu. ft., including the piping between the pump 
and tank, it is desired to find the size of pump required to exhaust the tank to 
a vacuum of 26 in n.i30 min. Barometer, 29.5 in. 


a Assume that the pump will run at 280 r.p.m. In this case the per 


centage of perfect vacuum = 26/29.5 = 88.1. Using chart of Fig. 2, fol- 
low line at 88.1 per cent horizontally until it intersects the curve, then ver- 
tically downward to the base line, when the piston displacement will be 
found to be 10.15 cu. ft. This is the piston displacement per revolution 
required to exhaust 1000 cu. ft. from atmospheric pressure to 26 in. with 300 
revolutions of the pump. Hence— 


; : 10.15 X 5000 300 
Displacement per revolution = —— 1000. x 230 X 30 ~ 


This is the actual piston displacement required with a pump running at 
280 r.p.m. to exhaust 5000 cu. ft. to 26 in.in 30min. Allowance has been 
made for leaks such as are always present in the average installation. For 

xcessive leakage, however, a small factor of safety may be added. 

b Assume piston displacement per revolution = 2 cu. ft. Using chart of 
Fig. 3, follow line at 88.1 per cent horizontally until it intersects the curve: 

hen vertically downward to the base line, where the number of revolutions is 
found to be 305. Thisis the total number of revolutions required to exhaust 
a volume of 100 cu. ft. from atmospheric pressure to 26 in. with a pump of 


1.514 cu. ft. 


1 cu. ft. displacement per revolution. Hence— 
, 5000 305 
Total revolutions = 100 x - = 7625 
Total revolutions 7625 
R.p.m. = = : =— = 254 
Time in minutes 30 


This is the actual r.p.m. required with a pump of 2 cu. ft. piston displace- 
ment per revolution to exhaust 5000 cu. ft. to 26 in. in 30 min. 

The second type of problem, the solution of which may be ob- 
tained by use of the curves, is the one in which a vacuum pump is 
already installed and it is desired to determine the time required 
to exhaust a given volume to a certain degree of vacuum. 

II—Given an 18-in. by 8-in. pump running at 300 r.p.m., how long will 
it take to exhaust a tank of 2500 cu. ft. capacity from atmospheric pressure 
to 26 in. vacuum? Barometer, 28.4 in. Piston displacement per rev. = 
2.34 cu. ft.; percentage of perfect vacuum = 26/28.4 = 91.5. 

Using chart of Fig. 3, follow line of 91.5 per cent horizontally until it 
intersects the curve, then vertically downward to the base line, when the 
revolutions are found to be 415. This is the total number of revolutions 
required to exhaust a volume of 100 cu. ft. from atmospheric pressure to 
26 in., with a pump of 1 cu. ft. piston displacement per revolution. Hence 

2500 & 415 
Total revolutions = = 4433.8 
Total revolution 100 X 2.34 4433 
Total revolutions 4433.8 


Time required = - = 


, 14.8 ' 
r.p.m. 300 — 


This is the actual time required, allowance having been made for leaks 
such as are present in the average installation. 

In presenting this method of solving problems concerning the 
evacuation of closed spaces, the authors do not claim to have 
produced an absolutely accurate rule which will answer in every 
case. They do hold, however, that the method proposed of using 
a constant determined by trial gives much more accurate results 
than can be obtained by the use of an average volumetric efficiency 
computed by either of the two methods mentioned. 

It will be noticed that the question of the effect of varying 
amounts of leakage on the size of pumps required has not been con- 
sidered. This is undoubtedly an important phase of the problem 
and in any accurate determination of the size of pump or time re- 
quired for evacuation, as the case may be, the leakage area of the 
system should be previously determined. 

Obviously, if the system under consideration has two or three 
times the leakage area that was present in the system from which 
the curves of this paper were obtained, then the size of pump 
determined from them will be too small, or the number of revolu 
tions required to exhaust the system in the given time will be to 
small. Yet even had this leakage factor been included, it is doubt 
ful whether in the majority of cases it could be made use of. 

Take the case of a purchase of a vacuum pump for evacuati! 
a closed system. The chances are that the buyer has no mea: 
at hand for determining the leakage area before the pump ordere:! 
arrives, and it is unlikely that he would first install the closed syste: 
and have a test made on it before determining the size of pump re- 
quired. This of course applies to an average commercial instal! 
tion where the buyer, if he specifies a ten-minute period that 
wishes to allow for the evacuation, will not care much if the pump 
provided actually requires, say, eight or twelve minutes in whic! 
to do the work. 


The method presented is intended for such cases and it is assumed 
that leakage conditions will be approximately the same in a cor- 
mercial installation as those under which the experiment described 


was made. 
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Feed Heating for High Thermal Efficiency 


Economies of 25,000-kw. 


Power Stations Using Single- and Multiple-Stage Condenser Heaters, with 


And Without Economizers, Determined for the Purpose of Demonstrating 


The Effect of Varying the Feedwater Temperature 


By LINN HELANDER,! 
OR power plants using single- or multiple-stage feedwater 
heaters of the condenser type, the temperature of the boiler 
feedwater as it leaves the heaters should not be less than 150 

deg. fahr. when using economizers and probably not more than 260 
.fahr. when not using economizers, although certain conditions 
permit improving thermal efficiencies up to a temperature of 300 
leg. fahr., corresponding to a pressure of 72 lb. per sq. in. absolute 
the heater. The maximum of this range was established by con- 
ideration of fuel charges only. The lower limit of 150 deg. fahr. 
vas chosen to avoid mechanical difficulties met when sending colder 
iter to economizers, 


aeg 


as will be seen, is 
. than the lowest temperature justified by purely thermal anal- 
25,000-kw. plant used as a basis for the present studies. 
That the ‘re exists for any fixed set of conditions a definite feed- 
ter temperature at which the efficiency of power generation is a 
iximum is most readily demonstrated by consideration of a theo- 
retically perfect generating plant using perfect condenser heaters. 
e the feedwater heaters are considered 
densers, the within them, 


although this temperature, 


es of Lae 


being perfect con- 

and for the purposes of the theo- 

the back pressure on the auxiliary turbine or at 

‘extraction point on the main unit supplying the heating steam 

| be that corresponding to the vapor tension of the feedwater, 

1 so will increase as the temperature of the feedwater increases 

Is Increase in pressure in turn will increase the water rates of 
steam units exhausting to the heaters, or, from another view- 

nt, will decrease the work capable of being done by a pound of 
um used for heating the feedwater. 

Consequent upon increasing feedwater temperatures, 
have a reduction in the amount of work obtainable 
ind of steam used for heating the feedwater and an increase in 
total amount of steam required for heating purposes. The re- 
on between these offsetting effects is such that the work done 
the steam used for heating the as the tem- 
iture 1s 


pressure 
tical analy ses, 


therefore, 
from each 


feedwater increases 
increased to a certain point, after which it decreases. 
i : is also shown by curves of Fig. 1. Any increase in feedwater 
perature beyond that for which maximum work obtains con- 
es to augment the demand for exhaust steam, but the capacity 
given quantity of the steam to do work is so reduced that the 
result is diminution in the total power generated by it. 


ErrFECT OF MULTIPLE-STAGE HEATING 


conception of what happens may to the 
, given for both single- 
assuming for simplicity that saturated 
instead of superheated steam is used. 


be had by reference 
temperature-entropy diagrams, Figs. 2 and 3 
and double-stage heating, 


\s the number of stages of feedwater heating increases, the work 
derived from the steam used for heating the feedwater increases and 
the temperature of the feedwater, as established for maximum 
theoretical efficiency, approaches that of the initial steam. Using 
an infinite number of stages, the temperature of the feedwater for 
best efficiency is equal to that of the initial steam and the efficiency 
of the theoretical power-generating cycle is that of Carnot’s cycle. 


DESCRIPTION OF ASSUMED PowER STATION 


Iilustrative of what is involved in the practical problem of de- 
ermining the most efficient feedwater temperatures for power 
stations, the effect of varying this temperature was determined for- 
several assumed stations of 25,000 kw. capacity, using various 
methods of heating the feedwater. To illustrate the influence of fac- 
‘ors such as the water rate of the main unit and the slope of the 
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Willans line of this unit, the internal Rankine-cycle efficiency of the 
bled steam and the Rankine-cycle a of the 
two cases—designated Case 1 and C: spectively 
out for each arrangement of  aeaty a The 
efficiency used in Case 1 for the bled steam based on the steam pres- 
sure on the turbine side of the throttle was approximately 67 per 


house turbine, 
were worked 


Rankine-cycle 


cent, slope of the Willans line was 12 lb. per kw-hr., and the water 
rate of the main unit when carrying the total gross station load 
was 10.6 lb. per kw-hr. For Case 2 the corresponding values were 


SO per cent for the Rankine-cycle efficiency of the bled steam, 9 Ib. 
per kw-hr. for the slope of the Willans line, and 10.26 lb. per kw-hr. 
for the water rate of the main unit. 

The following are the principal data used as bases for the heat- 
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Fic. 1 Work DoNE By Ex) ST STEAM 
Curve 1 shows for single-stage heating that the theoretical maximum k ob 
tained from steam subsequently used for heating boiler feedwater is obtain witha 
final feedwater temperature of approximately 240 deg. fahr. when the tem 
perature of the feedwater is 79 d fahr Curve 2 is based on a condensate tem 
perature of 92 deg. and shows that in this ca the maximum work is obtained with 
the final feedwater temperature at 260 de Initial steam pressure, 325 lb super- 
heat. 200 deg. fahr The peaks of the curves establish the feedwater temperatures 
for maximum theoretical thermal efficiency With two-stage heating and the same 
initial steam condition (condensate at 79 deg. fahr.) the maximum work is obtained 


at a feedwater temperature of approx 
fore, is the temperature for best th 


mately 300 deg 
rmal efficiency 


, which theoretically, there 


balance study of the 
making the 


paper. The various formulas employed in 


study are given in an appendix to the complete paper. 
Net station load so tte 25.000 kw 
Load on auxiliary bus sse 1,300 kw 
station load 26,300 kw 
Steam consumption of the n carrying the gross station load 

9,000 Ib. per hr Case 2: 270,000 lb. per hr 
1000 Ib. per hr 
1000 Ib per hr 
. 3000 Ib. per hr 


Gross 
main unit wh 
Case 1: 27 
High-pressure drips 
Condensate losses 
High-pressure steam losses : 
Radiation losses from low-pressure steam 

2 per cent of total heat in 
Pressure of steam at throttle 


steam used for heating the feedwater 


330 Ib. per sq. in. gage 

Boiler pressure ‘ ; ...300 Ib. per sq. in. gage 
Superheat ; See fe 
Heat content of boiler steam ; seeees ....-1326 B.t.u. per Ib 
per ib 


Heat content of steam at throttle no see e Grube sneeedcte see ae 
Vacuum on main unit ° ; 
Temperature of condensate 

Temperature of make-up water ente ring ¢ evaporator. 
Slope of Wiilans line of main unit : 


‘ 29 in. Hg. 
75 deg. fahr. 
. oeese .. .60 deg. fahr, 
.Case 1 ‘12 2 Ib per kw-hr. 

Case 2: 9 lb. per kw-hr. 


Heat content of the high-pressure drips recovered 390 B.t.u. per Ib. 
Radiation, friction and generator losses of the house turbine in kw 
650 kw. turbine, 65 kw. 1500-kw. turbine, 135 kw. 


Radiation losses from bled steam on passing through the main unit 
per cent of load developed by the bled steam 
Internal Rankine-cycle efficiency of bled steam based on steam pressure after throttle 
Case 1: 67 per cent. Case 2: 80 per cent 
Boiler efficiency when not using ecomomizers....... 0.666665 se sees .78 per cent 

Boiler efficiency when using economizers but not including 

the economizer efficienc y. ..75 per cent 
Coefficient of heat transmission through economizers.........5 B.t.u. per sq. ft. 
per deg. mean temperature difference between flue geses and water 


Temperature of gases entering economizers............600s0000: 580 deg. fahr 
Spaeees MANE GE TO BON. occ cc sacccasesncscdenenvessseoescees 0.2375 
Percentage of recoverable heat recov ered by economizers,........+. .85 per cent 
Flue gases per Ib. of coal............6000005 Sbevondeneséccnsbaneseewenn 19 Ib. 
Heating value of coal .13,500 B.t.u per Ib. 
Ratio of the load developed by the boilers to the full- Joad rating of the boilers 
CE Se Css 0 0.05 6-6.0:6.66060.0:60.56.50060 400000606008 6000008808 2.25 


The Rankine-cycle efficiencies of the house turbines are given in 


105 








106 


Figs. 4 and 5. An average value of 80 per cent was used for the 
Rankine-cycle efficiency of the bled steam on the main unit, though 
this will vary 2 or 3 per cent either way, depending on the conditions 
of bleeding and the design of the turbine. 





All auxiliaries in these stations were considered as_ being 
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TEMPERATURE-ENTROPY DIAGRAM FOR SINGLE-STAGE HEATING 


Usina Dry SaTuRATED STEAM 


Large area ABCD represents the work done by the steam passing through the 
main unit The shaded area 2, above the water line, represents the work done, 
before entering the heater, by the steam used for heating the feedwater. The 
shaded area 3, below the water line, represents the heat added to the feedwater and 
is equivalent to the area under line ad. As indicated by areas 1 and 4 of the dia 
gram at the bottom of the illustration, the area representing the work done by the 
steam used for heating the feedwater becomes rather small when the feedwater 
temperature deviates largely from that for best efficiency. The letters with 
subscripts f, f: and fs indicate the feedwater temperature for different positions of 
the area showing the work done by the steam usedfor heating the feedwater The 
temperature of the initial steam is 7; 7, is the temperature of the condensate 
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TEMPERATURE-ENTROPY DIAGRAM FOR DovuBLE-StTaGe HEATING 


Usine Dry SaturRATED STEAM 

Large area ABCD represents the work done by the steam passing through the 
main unit. Instead of a single area above the water line, as for single-stage heating, 
two areas, abcd and efgh, represent the work done by the steam passing respectively 
to the first and second stages. For equivalent heating effects in each heater, areas 
3 and 4, below the water line, are equal. The figures at the bottom of diagram show 
that when the feedwater temperature is rather close to either the condensate tem 
perature or the temperature of the boiler steam, the sum of the areas representing 
the work done by the steam used for heating the feedwater is small. When the 
temperature of the feedwater equals that of the boiler steam the effect is simply 
that of a single-stage heater. Evidently at some temperature between that of the 
condensate and that of the boiler steam the sum of the areas representing the work 
done by the steam used for heating the feedwater isa maximum. ‘The temperatures 
indicated as Ty, Ts, and Ts, are those of the feedwater.) 


Fic. 3 


motor-driven during normal operation. Surface condensers were 
used on the main units and the condensate before going to the 
feedwater heaters was passed as cooling water through the evapora- 
tor system supplying boiler-feed make-up water so long as this 
operated on exhaust steam. When the temperature of this ex- 
haust steam was too low to evaporate the water efficiently and the use 
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of live steam became necessary, the condensate was returned directly 
to the feedwater heater and the water used for the condenser of the 
evaporator was taken from the boiler feedwater previously heated 
in the economizers or in the feedwater heaters. With this arrange- 
ment the use of live steam on the evaporators did not materially 
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Fig. 4 RANKINE-CYCLE EFFICIENCIES FOR CASE 1 


Estimated Rankine-cycle efficiencies of 1500-1700 kw. house turbine generators 
is used for determining the heat balance for Case 1 The efficiencies used for the 


650-kw. house turbine for Case 1 were approximately the same as those of Case 2 


though the shape of its curve is similar to those given here. Steam pressure, $30 lb 
gage; superheat, 200 deg. fahr.) 
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Fig. 5 Case 2. Estimatep RANKINE-Cycie EFFICIENCIES OF TURBINE 
GENERATORS DESIGNED FOR ANY OF THE VARIOUS BACK PRESSURES AND 
OPERATING rHE Back Pressure FOR WHICH THEY Art 
DESIGNED 


AGAINST 
Steam pressure, 330 lb. gage; superheat, 200 deg. fahr. The efficier would 
deviate somewhat from those shown with back pressures below 2 Ib. absolut 








D1aGRAM OF Station Layout ror TuHr! 
FEEDWATER HEATING 


(The condensate from the main unit is circulated through the condenser the 
make-up water evaporator system before going to the feedwater heater 


Fic. 6 ScHEMATIC 


affect the heat balance, and the pressure of the exhaust steam used 
for heating the feedwater was determined by the pressure withit 
the feedwater heater rather than the requirements of the evaporator 


system. A schematic arrangement of these plants is shown } 
Fig. 6. Economizers are shown, but heat balances as well were 
worked out for plants not using economizers, in which case the boiler 


feedwater was delivered directly to the boiler. 

















1923 


FEBRUARY, 


When bleeding the 
piping varied with the amount of steam bled, and this was taken 
The boilers were operated between 175 and 200 


main unit the pressure drops in the bleeder 


into consideration. 
| ° 4 } 

rating when economizers were not used, and under this 

\\ hen CCOl 


used the operating capacity was increased to 225 per cent of rating 


per cent of 


Omizers were 


condition | ad an ¢ fliciency of 78 per cent 


and the efficiency reduced to 75 per cent, not including the econo- 


mizer he power taken by the induced-draft. fans was not in- 
cluded in t] uxiliarv load, and to obtain the true heat consump 
tion for the st ! ising economizers the equivalent heat con- 
imption of these fans will have to be added to the rates give: 
Heat BALANCE FOR SINGLE-STAGE HEATING 
Heat balances for two arrangements using single-stage heating and 


economizers were worked out In one arrangement the auxiliary 


a house turbine of 650 kw 


power Was obtained from capacity, o1 
half the tot tl auxiliary load The remainder of the a IX}UAT'S 
( { ed by the main unit Steam, in addition to that 
e house turbine, in this case was bled from the mair 
ne tl eeadwatel The other arrangement used il 
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Pic. 7 Sinecie-Srace Heatinc—Case 1 
perheat, 200 deg. fahr vacuum on the mair 
per kw-hr. using a 1600-kw. house turbine and not bleeding 
l momizers were not used Feedwater temperature for t t ef 
ately 210 deg. fahr 
Ii.t.u. per kw-hr. using a 650-kw. house turbine and bleeding tl 
unit l nomizer vere not used 
B.t.u. per kw-hr. using a 650-kw. house turbine, economizer of 21 87 
i and bl ling the main unit Economizer surfac« ippreximately 50 
I é iler area The heat consumption of the induced draft fan 
¢ power consumed by them, not included 
( i B.t.u. per kw-hr. using a 650-kw. house turbine, econor 
bleed the main unit Though the economiz 


ater temperature for best economy is rx 
luced-draft fans not included with auxili 
nsumption curves 

Load developed by the steam used for heating the f« 
kw. house turbine and bleeding the main unit 

oad deveioped by the 1600-kw. house turbine supplying exhat 
edwater heater A comparison of the temperature at which tl 


*f} occurs with that of Curve 5 indicates the influence that decreasin; 





lwater whet 


Kank ycle efficiencies with increasing back pressures on the house turbine hav 
On t edwater temperature for best economy By reference to Curves 1 and : 
the K.t.u. rates per kw hr., it is seen that the real influence of the decrea 


kis ‘ es with increasing back pressures is small 


1600 kw. for Case 1 and 
and was considered as being so designed that 
ine could deliver power to the main bus. With this 
arrangement no means for bleeding the main unit were provided, all 
stea or heating feedwater being obtained from the house turbine. 
As indicated by the curves 1 and 2 of Figs. 7 and 8, the first arrange- 
ment is thermally the more economical and also requires for best 
cy a slightly higher feedwater temperature than the second 
It is interesting to note that whereas the theoret- 


urbing with its point Ol be 


1700 kw. for Case 1, 


{ economy at 
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ical feed temperature [or el CV WAS 1 t! ( Dorhoos 
250 deg | hy thy ictual temperature } ele er t iM) deg ’ 
This is due to various factors, among them being leere g 
Rankine eff ency of house turbines when operating at 


high 








“) riv heat ilances tw iTTal ent u t ou 
tage } t yr and no economl ere J rke out o1 { 
he he ef divide ’ het weer he t n 
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- 
en 
. 
/ 
S ) I STA H ATING CASE 2 
an re A) i at, <U le ahr va u ) ! iin 

t. 29 

( RVE 1 B.t u. per kw-hr a 1700-kw. hou turbine and not bl lit 
ma unit. | omizers not used The f iwater temperature for best economy 
is apy ately 190 deg. fahr rhis is 20 d lower than the best feedwater tem 
perat rt responding conditi t Case 1, though due to the flatn 
the « ver t rar the er ter rature for either case may be considered 
iS approximately the same The difference in temperature indicated is due to the 
difference in tl slopes of the Rankine-cycle efficiency curves for the house turbi: 

Curve 2 B.t.u per kw-hr. using a 650-kw. house turbine and bl edit the ma 
unit not 

CuRV! B.t.u. per kw-hr. using a 650-kw. house turbine 
sq. ft. area, and bleeding th i & 2 edwater temy 
is lower than the corresp ling temperature for Case 1, duce 
between tl lopes of the Willans lir of the main unit 
induced-draft fa not included i au iry pows 

CURVE 4 B.t.u tr kw-hre a kw. ! tur 
» ft. of rface and bleedit the rt in unit Power ¢ 
fan was not included in auxiliary power 

CuRV! Load d ped by t! a ] I t t ater ust 4 
650-kw. house turbine and bleeding t ai t 

Curve ¢ Load developed by tl 1700-kw. |} tur c ipplyit exhaust 

i t feedwater heater 
( RVI ime ( r 2 t i t a are lected 
S ime as ( 
E Y am 4 t ‘ tea a ] 
one of the irra! ments the first-stage heaters derived the st im 
for heating the feedwater from a house turbine with its point of 

best economy at 1400 kw. for Case 1 and 1500 kw. for Case 2. 

: . : . , . : 

only the second-stage heater deriving steam by | leeding the main 
+ r } } . , ] } ' 1 _" 

unit rhe other arrangement used a house turbine with its point 


at 650 kw., additional steam required by the first- 
feed- 
l and 
either 


+; ] ] 
theor LICAL CONnS1IGeT- 


of best ec onomy 


stage heater being obtained by bleeding the main unit. The 
water temperatures for best efficic ncy as indicated by cur 

2 of Figs. 9 and 10 are seen to be approxin ately the same ll 
25 deg. below that indicated by 
Both curves are rather flat over a range of 50 deg. in 
efficient of 
the two arrangements, as with single-stage heating, is that one using 
the smaller house turbine, or the one bleeding the largest 


This latter 


case, and about 
ations alone. 


f } ; 


the vicinity of the point of best effici ney. The more 
amount 
of steam from the main unit with feed- 
water temperature of 27: 
approximately 320 B.t.u. per kw-hr. as compared with single-stage 


arrangement, 





deg. fahr., showed a possible saving of 


heating Tl ¢ maximum efi i ney using singel -stage heating, how- 
] 


ever, WAS obt uined with a feedwater temperature Ol approximately 








108 MECHANICAL ENGINEERING VoL. 45, No. 2 


200 deg. fahr. Comparing single-stage with double-stage heating 
on the basis that this temperature of 210 deg. fahr. was not to be ex- 
ceeded, the difference between double-stage and single-stage heat- 
ing is about 225 B.t.u. per kw-hr. 
EFrect OF ECONOMIZERS 

Economizers in connection with single- and double-stage heating 
were applied to those stations which used a 650-kw. house turbine 
and bled the main unit this arrangement being the more economical. 
The economizers were assumed as having a heat-recovery factor of 
85 per cent and a heat-transfer rate of 5 B.t.u. per hour per deg. mean 
temperature difference between the flue gases and the water. Two 
sizes of economizers were applied to each station to illustrate the 
effect of varying the size of the economizers. The boilers, as pre- 
viously stated, were assumed to operate at approximately 225 per 
cent of their rated capacity, and their efficiency in this case was 
taken as 75 per cent, or 3 per cent less than that used when the sta- 
tions had no economizers. The temperature of the flue gases en- 
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Fic. 9 Dovusie-Stace HeatTiInc—CaseE 1 
aot pressure, 330 Ib. gage; superheat, 200 deg. fahr.; vacuum on the main unit, 
9 in.) 

Curve 1. B.t.u. per kw-hr. using a 1400-kw. house turbine and bleeding the 
main unit to obtain steam for the second stage, not using economizers. The feed- 
water temperature for best economy is approximately 280 deg. fahr. 

Curve 2. B.t.u. per kw-hr. using a 650-kw. house turbine and bleeding the main 
unit at two points, not using economizers. It is noticeable that as the number of 
stages used for heating the feedwater increases, the curve of heat consumption per 
kw-hr, flattens out. 

Curve 3. B.t.u. per kw-hr. using a 650-kw. house turbine, economizer of 18,180 
sq. ft. area and bleeding the main unit at two points. Economizer surface approxi- 
mately equivalent to 45 per cent of boiler area. Powur taken by induced-draft 
fans not included in the auxiliary load. 

Curve 4 (dotted). Load developed by steam used for heating feedwater when 
using a 650-kw. house turbine and bleeding the main unit at two points 

Curve 5. B.t.v. per kw-hr. using a 650-kw. house turbine, economizer of 47,000 
sq. ft. area and bleeding the main unit at two points. 

CurvE 7. Load developed by the steam used for heating the feedwater when us- 
ing a 1400-kw. house turbine and bleeding the main unit only for the second-stage 
heating. Curve 6 shows the load cariied by the house turbine for this arrange- 
ment of heating the feedwater. 


tering the economizers in all cases was taken as 580 deg. fahr., 
which meant that for the type of boilers selected the percentage of 
rated capacity developed did not vary with the temperature of the 
feedwater. This, of course, required that the total operating ca- 
pacity be slightly decreased as the temperature of the feedwater 
entering the boiler was increased. The weight of the flue gases per 
pound of coal burned was taken as 19 lb. and independently of the 
feedwater temperature, but, inasmuch as the weight of coal burned 
per pound of steam generated varied with the feedwater tempera- 
ture, the weight of gas per pound of steam generated likewise 
varied. 

Analyses of heat balances as affected by feedwater tempera- 
tures did not involve considerations of boiler-room efficiency 
for those stations not using economizers. When economizers 
were used, however, the temperature of the flue gases leaving the 


economizer, for given equipment and operating conditions, was 
determined by the temperature of the water entering the econo- 
mizer. Increasing the temperature of the water entering the 
economizer simultaneously increased the temperature of the flue 
gases so that the combined efficiency of the economizers and boilers 
was decreased. However, as the temperature of the feedwater 
leaving the heaters was increased above that of the condensate, the 
efficiency of converting steam to power, as previously demonstrated, 
increased, thereby opposing the consequent decrease in efficiency of 
steam generation. The relative rates at which the efficiency of 
steam generation decreased and that of power generation increased 
determined the temperature of the feedwater for best efficiency, 
these rates being equal for the condition of best efficiency. The 
rate at which the efficiency of steam generation decreases with in- 
crease in feedwater temperatures depends on the relative area of 
the economizers and the boilers. The larger the economizer 
relative to the boiler, the more rapid is the rate at which this effi- 
ciency falls off. In consequence of this, the feedwater tempera- 
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Fie. 10 Dovsie-Stace Heatinae—Case 2 


(Steam pressure, 330 lb. gage; superheat, 200 deg. fahr.; vacuum on the ma 
unit, 29 in.) 

Curve 1. B.t.u. per kw-hr. using a 1500-kw. house turbine and bleeding t 
main unit to obtain steam for the second stage, not using economizers The fe 
water temperature for best economy is approximately the same as for the same « 
ditions of Case 1 

Curve 2. B.t.u. per kw-hr. using a 650-kw. house turbine and bleeding the m 
unit at two points, not using economizers. Curve 3 is the same except that lo 
due to leakage from the low-pressure steam piping are not included 

Curve 4. B.t.u. per kw-hr. using a 650-kw. house turbine, economizer of 158,! 
sq ft. area and bleeding the main unit at two points. The feedwater temperat 
for best economy is slightly lower than for Case 1. The power taken by the 
duced-draft fans was not included in the auxiliary power ‘oad. Curve 5 is the sa 
but does not include the low-pressure steam losses 

Curve 6. B.t.u. per kw-hr. using a 650-kw. house turbine, economizer of 47 
sq. ft. area and bleeding the main unit The feedwater temperature for t 
economy is lower than for Case 1, due to difference in the slope of the Willans | 
of the main units. Curve 7 is the same but does not include the low-pressure st 
losses 

CurvE 8. Load developed by the steam used for heating the feedwater w 
using a 650-kw. house turbine and bleeding the main unit at two points 

Curve 9. Load developed by the 1500-kw. house turbine when used to su 
steam for feed heating in conjunction with bleeding the main unit 


tures for best efficiency were found to be lower for the larger ect - 
mizers than for the smaller ones, though the differences wer 
of great moment. 

The temperature for best economy when economizers are used, 
as given by the heat-consumption curves 3 and 4 of Figs. 7 and 5 
for single-stage heating, lies between 175 and 190 deg. fahr. for (ase 
1 and 165 and 175 deg. fahr. for Case 2. With double-stage |:at- 
ings, Figs. 9 and 10, the corresponding temperatures are 225 nd 
175 deg. fahr. for the smaller and larger economizer surfaces, re- 
spectively, for Case 2, and 230 and 200 deg. fahr. for Case 1. The 
temperatures for Case 1 are lower than those for Case 2, due to the 
difference in the slopes of the Willans lines used. For each kilowatt 
hour developed by the steam used for heating the feedwater in (ase 
1, the steam condensed in the main unit’s condenser was rec iced 
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12 lb., while for Case 2 this figure was 9 lb. The benefit derived 
from carrying load on steam used for heating the feedwater was 
therefore relatively less for Case 2 than for Case 1, while the econo- 
mizer and boiler efficiency remained the same. The differences in 
temperature are small, however, and indicate that with fair accu- 
racy the desirable feedwater temperature may be considered as a 
range which is largely independent of the characteristics of the 
steam equipment used. The economizers used for double-stage heat 
ing were slightly smaller than those used for single-stage heating, 
commercial considerations indicating that this was justified. The 
difference in the sizes of the economizers did not, however, materially 
affect the feedwater temperature for best efficiency. The rate-of- 
heat-consumption curves are rather flat over a considerable range 
in proximity to the temperature for best economy, and increasing 
the area of the economizers even to the extent of doubling them 
need not re quire large changes in the te mperature of the feedwater 
The various data used in connection with the economizers are given 
in curves in the complete paper. 


CoMPARISON OF Resu_tts WirnH and WirHout EcONOMIZERS 


\ comparison of feedwater temperatures for best economy as 
indicated by Case 1 and Case 2, respectively, shows that when 
onomizers are not used ordinary Variations in the Rankine- 
cycle effici ney of the bled steam, the efficiency curve for the house 
turbine, and the slope of the Willans line of the main unit have no 
considerable effect. When economizers are used, the temperatures 
reduced by decreasing the slope of the Willans line of the main 
unit, but, as previously stated, the influence is not large. It is 
evident that for the purpose of establishing the proper feedwater 
temperature for best economy minute accuracy in the determina- 
sis not required The overall 

efheiency of the entire station is influenced, of course, by these 


tion of the various turbine efficienci 


efficiencies, but the best feedwater temperature changes only slightly 
with them. For this study a constant efficiency for bled steam was 
used. However, the house-turbine efficiencies were considered as 
being a function of the feedwater temperature, and a comparison of 
the temperatures Io! best economy obtained when using a house 
turbine alone with those obtained when using a smaller house 
turbine together with bleeding the main unit illustrates the influ- 
ence of the variation in the Rankine-cycle efficiency. The difference 
in the temperatures that were obtained is between 10 and 15 deg. 
fahr., but inasmuch as the curves are flat this is of no great con- 


Se lence. 


MULTIPLE-STAGE HEATING 


by similar methods of computation, heat balances for four-stage 

ters with and without the use of economizers were determined. 
The average Rankine-cycle efficiency for the bled steam in this case 
was taken at 79 per cent instead of 80 per cent, as the average 
ficiency over four stages would probably be somewhat less than 
that for one stage. Fig. 11 shows the heat consumption per kilo- 
watt-hour for the various methods of heating the feedwater worked 
out for Case 2, using the 650-kw. house turbine. As the number 
of heating effects increase, the value of the last effect decreases, 
Which is to be expected. It is interesting to observe also that as the 
number of effects increase, the heat-consumption curves for the var- 
lous stations flatten out in proximity to the temperature for best 
economy and that it would therefore seem undesirable to go beyond 
a certain feedwater temperature regardless of the number of stages. 
When economizers of 21,850 sq. ft. are used the gains in efficiency 
referred to a basis of no heating for single-, double-, triple-, and quad- 
ruple-stage heating are 1.86, 2.88, 3.35, and 3.64 per cent, respec- 
tive When the number of heating effects is increased the value 
of the last heating decreases, and in determining the proper number 
of stages consideration must be given to the investment and also 
to the operating problems encountered. 


Arr ECONOMIZERS 


If air for the boilers is preheated by means of air economizers and 
ho feedwater economizers are used, such preheating does not affect 
the feedwater temperature for best economy. However, the air 
May be preheated by exhaust steam similarly to heating feedwater. 
Also air economizers and exhaust-steam air heating may be used 
With or without the coincident use of water economizers, and with 
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single- or multiple-stage feedwater heating. If air is heated by 
exhaust steam alone, the problem of determining its temperature 
for maximum efficiency is not different from that for determining 
the temperature of feedwater heated only by exhaust steam. This, 
however, is not the case if both air and water economizers are used 
simultaneously. 

Air and water economizers, if used simultaneously, may be 
placed either in parallel or in series. If place d in parallel the effect 
of the air economizer is to reduce the amount of gases available for 
heating the feedwater, and so alter the operating characteristics of 
the water economizers so far as these are determined by the ratio 
of the waste gases to the water heated. If the air heater is placed 
in series with the water economizer and in the coldest part of the 
flue gases, the leaving temperature of these gases is no longer deter- 
mined by the t mperature of the boiler feedwater. For such an 
arrangement it would appear desirable to heat the boiler feedwater 
to that feedwater temperature giving the maximum efficiency for 
The feedwater 
would then be further heated in a water economizer while the tem- 
perature of the flue gases leaving the water economizer could be re- 
duced to a desirable point, justified, of course, by the efficiency of 
the air economizers and their cost. 


the conversion of steam energy to electrical power. 


1 


On this basis the temperature 
of the feedwater entering the economizers would correspond to that 


previously determined when no economizers were used. The ait 
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economizers in this case, of course, would have to reduce the tem- 
perature of the flue gases below that established for the use of water 
economize rs alone. 


CONCLUSIONS 


So many factors enter into the determination of the proper 
feedwater temperature of a plant that figures determined for one 
station should not be directly applied to another. As seen, the tem- 
perature should be lower for plants using single-stage heating than 
for those using multiple-stage heating, and also should be lower 
for plants using economizers than for plants not using economizers. 
I:fficiencies of auxiliary apparatus as well as of the main generating 
units have their influence. If the feedwater temperature be raised 
much above 212 deg. fahr., factors incident to the use of pressures 
well above atmosphere in the auxiliary exhaust piping come into 
play. The proper feedwater temperature is dependent somewhat 
upon the initial steam pressure and temperature and on the tem- 
perature of the condensate, increasing as these increase. It is 
quite impossible, therefore, to determine, except within wide limits, 
feedwater temperatures applicable to all plants, and the present 
purpose has been rather to indicate in a broad way the effect of feed- 
water temperatures on power-plant efficiency, leaving out the mat- 
ter of costs, and to give some basis for estimating the sacrifice in 
fuel made to assure practicable operation of the feedwater-heating 
system as laid out for a particular station. 








Lumber Dry Kilns 


By THOMAS D. PERRY,! GRAND RAPIDS, MICH. 


The three main divisions into which lumber dry kilns may be grouped are 
blower, condenser, and ventilated kilns. The author, who believes that 
scientific kiln drying offers engineers a splendid field for research work, 
describes these types and discusses the possibilities of each, with particular 
reference to the ventilated kiln, of which there are several classes. The 
questions of moisture deficit and equilibrium, air interchanges, and drying 
cycles are adequately treated, and data showing the relation between relative 
and absolute humidity during the drying period are included. 


HE PROBLEM presented to the manufacturer who would 

utilize woods intelligently is a diversified one owing to the 

fact that the score or more of major varieties of commercial 
timbers are grown in climates and seasons differing widely in tem- 
perature and moisture, and on soils ranging from the rocky hills 
of the Appalachians to the rich alluvial lowlands of the Mississippi 
delta. The origin of the lumber, has a noticeable effect on its 
water content. Lumber or veneer (thin lumber produced usually 
by rotary cutting or flat slicing, sometimes by sawing), when 
produced from the log, contains a large proportion of water, 
ranging from 25 to 75 per cent of the total weight. One square foot 
board measure, one inch thick) of gum lumber, weighing approxi- 
mately five pounds when sawed, will be reduced to about three 
pounds when its water content of approximately one quart has 

been evaporated. Oak grown on a hillside may contain only a 

pint (approximately 1 lb.) and swamp gum may have from 2 to 4 

pints of water per sq. ft. B. M. 

This water content of wood exists in two forms, free moisture 
and cell moisture, the former being readily evaporable in ordinary 
air drying, and the latter demanding excessive air drying (several 
years) or artificial treatment in kilns. The usual border line be- 
tween the two forms of moisture is in the vicinity of 30 per cent 
moisture content (the percentage of the weight of water removed 
being computed on the dry fiber weight as a base). It is possible 
to use artificial means to remove this free moisture, but a simple air 
exposure is usually more economical. 

By far the largest volume of lumber products are dried in the 
form of lumber or veneer. The drying of unusual forms and shapes, 
such as staves, handles, shingles, laths, ete., is decidedly specialized 
and outside the range of this discussion. 

Types or KILNS 

The original artificial drier was a smoke kiln, now practically 
obsolete. This was followed by the furnace kiln and the steam-coil 
kiln. Some woodworkers still persist in using home-made equip- 
ment, but kiln design and building has become a special branch of 
manufacturing that has its own recognized field. 

The three main divisions into which lumber kilns may be grouped, 
as illustrated in Fig. 1, are: 

1 Blower: Mechanically forced ventilation, or recirculation, 
whether suction or plenum method; moisture-laden air 
usually discharged out of doors 

2 Condenser: Generally of the gravity recirculating type, 
in which the air passes over moisture-removal or con- 
densing units, once in each interchange 

3 Ventilated: Fresh air taken in and used air discharged 
direct from kiln to atmosphere, utilizing the fundamental 
laws of physics to obtain internal circulation. 


To understand the particular range of each of the foregoing types 
it is necessary to outline the moisture-removal problem in some de- 
tail from the standpoint of the lumber to be dried. Air drying 
removes more moisture from the surface than from the center, and 
owing to the length and width of a board, drying takes place chiefly 
through the flat faces, rather than through the ends or edges. The 
inevitable result is a surface drier than the interior, and air-dried 


1 Vice-president and manager, Grand Rapids Veneer Works. Assoc-Mem. 
Am.Soc.M.E. 

Contributed by the Forest Products Division for presentation at the 
Annual Meeting, New York, December 4 to 7, 1922, of THe AMERICAN 
Soctrry oF MECHANICAL ENGINEERS. All papers are subject to revision. 
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stock is therefore subject to an internal strain that often manifests 
itself in the form of warp, twist, or other surface irregularities. 
The problem is to draw the center moisture out and have surface 
and interior equally dry. 

The skill of an engineer is not required to discover that, if the 
drying of wood afforded no organic difficulties, the blower would dry 
rapidly, utilizing considerable power, and the condenser would 
function slowly but at low cost. 

The ventilated kiln is the least understood, even though most 
generally used, and offers an unusual opportunity for speed and 
efficiency when its underlying principles are grasped. 

The nature of wood is the phase of the problem that engineers 
least appreciate. It is almost axiomatic that wood should not be 
subject to external or internal strain during drying, but it is prac- 
tically impossible to obtain such a “strainless’’ condition. The 
reduction of this drying strain to a minimum point is necessary to 
drying without damage to the lumber, the usual manifestations of 
which are checking, warping, honeycombing, ‘“hollowhorning,”’ 
etc. The chance of internal strain greatly increases with the thick- 
ness of the wood to be dried: e.g., '/:s-in. veneer is practically all 
surface and can develop little internal strain in any kind of drying, 
while 4-in. green oak presents a decidedly stubborn drying problem, 
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1, Heating unit; B, condensing unit; C, fresh-air inlet; Dand D’, used-air outlets 
E, lumber charge; and F, humidifying unit 


and taxes the skill of the best operator in an efficiently controlled 
kiln. 
BLOWERS AND CONDENSERS 


These facts lead to the logical conclusion that where thickness 
is nominal, as in the case of veneer, applied shellac, stain, filler, 
varnish, and glue, the speed of the air movement in a blower kiln 
will remove moisture rapidly and cause no serious damage; but 
where thickness becomes appreciable ('/: in. and up) the rapidly 
moving atmosphere of a blower kiln will produce uneven drying 
and unnecessary interstrain that will inevitably damage the lumber 
Even with attempted maintenance of high ‘umidities (difficult in 
blower kilns') the hazard is serious. On the other hand, the slow- 
ness of the condensing kiln will make for accurate control, but the 
lack of speed may force the initial cost of installation to an excessive 
amount. As a matter of fact, Government experts have frequently 
recommended the condensing kilns without comprehending in 
most cases the economic aspect. It has been the author's experience 
during the last five years that kilns of the condensing type used 
for war work did no better drying than the best of the ventilated 
types, and required for an equivalent output practically twice as 
many units, at approximately double the initial cost per unit, or 4 
quadruple investment, with no appreciable gain in quality or saft 

As a conclusion it may be noted that blower kilns are most suitable 
where thickness is not a factor, and that condenser kilns are es- 
pecially serviceable in the drying of thick green woods where in- 
ternal strain is a decided danger. 


TypicaAL DryinGc CycLe 


Before considering the individual characteristics of the various 
types of ventilated kilns, it may be well to outline briefly a drying 
cycle. Take an actual operation schedule, tested by practice, 





1 Kent’s Mechanical Engineers’ Pocket Book, 1916 edition, p. 573 
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of reducing l-in. oak from 35 to 5 cent 


16 days of 24 hours steam. 


per moisture content in 
Plotting this schedule, curves showing 
the variations in temperature and the relative humidity during 
the period of drying are obtained as shown in Fig. 2. The drying 
cycle divides itself into three phases: initial “steaming” or high- 
humidity period in which lumber is heated through and enough 
moisture added to make the surface as wet as the center; inter- 
mediate “stewing” or cooking,' a transition period; and the final 
“drying,” when humidity may be dropped and temperature raised 
within limits demanded by the kind and condition of lumber 
The temperature should gradually rise from 125 to 170 deg. faht 
and care should be exercised that it does not go up too fast during the 
initial steaming, which would tend to crust the outside of the boards 
The relative-humidity line reaches 100 per cent as rapidly as possible 
without producing an excess ol temperature. The reason for the 
high initial humidity is that partly dried lumber, as placed in the 
kiln for drying, normally has a surface drier than the interior, and 
unless the surface is thoroughly moistened the internal 
sealed in by the dry 
the degree of 


moisture 
ind shrunken surface layers; in other 
internal strain will be intensified rather than 


will be 


words, 
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reduced. If the surface of the board is steamed or exposed to at 
atmosphere of high humidity it will absorb moisture and expand 
making it possible for the cellular structure to conduct additional 


ture to the surface Heating 


, and reducing the internal strain 


the lumber through is also accomplished quickly and safely by this 
steaming. 
Moisture will pass out more rapidly from the surface of a board 


enter and surface of which are approximately equal in moisture 
content, and the final result of the drying cycle will be a reasonably 
the board and an 
absence of internal strain, with consequent damage. It is a rather 
“wet” 
preceding paragraph is more plump than when 


uniiorm moisture content from face to face of 


ficant fact that lumber dried by the so-called 
explained in the 


pre ess 
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treated by the old-fashioned method of 
will stand”’ 
humidity. 


giving it all the heat it 
without preliminary steaming or due regard to the 
iixperiments have proved that the endeavor to dry 
without steaming takes longer because moisture transfuses more 
slowly through a dry than a wet surface, and the resulting damage 
is usually serious. 

Molstur! 


RELATIVE vs. ABSOLUTE HUMIDITY DEFICII 


Another way of expressing the function of humidity is to express 
the cycle of drying from the standpoint of absolute humidity, or the 
grains of water vapor per cubic foot of atmospheric kiln content 
Table 1 shows the relation of absolute 


Toot 


ZTAINS Of water pel cubis 
and relative humidity (percentage of saturation) within the 
usual ranges of kiln temperature 

If we could isolate and examine a cubic foot of space (containit 
air and water vapor) in a kiln at a temperature of 150 deg. fahr 
a relative humidity of 50 per cent, we would find that it contains 
36.76 grains of water in the form of \ apor and possesses the capacity, 


before reaching saturation, of absorbing an equal additional an 


ount 

of water vapor. It is this difference between actual grainage and 

the grainage of saturated water-vapor content that expresses the 

drving power ol the kiln Stated in another way, t ~ icfans that 

i cubic foot partly satul ited has a tendency to become entirel 
saturated if free moisture is accessible, i.e., from the lumber 

This moisture deficit may be termed the measure of drving 


power in a kiln (when considered in connection with the temperature 


ind circulation and the greater the deficit the greater will be the 
the At the 
eginning of the drying operation, when reducing the lumber toa 


the 


pull exerted on moisture contained in the lumbe 


iniform wetness, moisture deficit is nil; and toward the end of 


the operation, at a temperature of 170 deg. fahr. and a relative 


humidity of 40 per cent, each cubic foot is eagerly seeking for 67 


grains of water vapor or such part of it as can be extracted from the 
lumber ] ig. 2 contains a curve showing the moist ire deficit 
expressed in grains per cubic foot. It will be noted that this line 


curves up more rapidly than the temperature line. This 


moisture 


deficit may be termed the measure of potential drying power. It 
is easy to remove moisture from the lumber at first, but the last few 
stages of drying require a decidedly strong pull 

While it would be possible to reduce the relative humidity t 
below 40 per cent (carrying the moisture deficit above 67 grains), it 


would result in too 


rapid a rate of surface drying and leave an un- 


dried product. The secret of 


evenl controlling temperature and 


humidity in efficient drying is to avoid any sudden changes during 


the progress ol the operation and to 


| finish without carrying th 
tem pe rature to an extreme tl at will dam ive the wood: and to avoid 


reducing the relative humidity at any point where it will dry th 


Arr INTERCHANGES 


Che number of air interchanges per hour should not be too great 
If an anemometer test shows three or four complete air changes 
per hour, it is enough. The process of the withdrawal of water 


rABLE 1 GRAINS OF WATER VAPOR PER < I FOOT AT VARIOl I ATI {UMIDITII 
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_ tewing”’ used in the sense of a vapor bath, rather than as cooking (212 deg. fahr). Some authorities merge this into the ‘drying peri 
tis obvious that the higher the temperature, with a given moisture deficit 


Adapted from tables compiled by Dr. William M. Grosvenor 


the more rapid the 
with intermediate readings 
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vapor from the interstices of the lumber cannot be very rapid. 
Too rapid air movement in a gravity kiln subjects it to the same 
criticism as a blower kiln, i.e., too rapid surface drying. 

High humidity and large circulation of air are antithetical to 
one another. To obtain high humidity, the circulation must be 
either stopped altogether or greatly reduced, and to reduce the 
humidity a greater circulation must be induced by increasing the 
draft. 

The following example, based on three interchanges per hour, 
illustrates this point: 
Size of kiln inside 15 ft. high by 19 ft. wide by 26 ft. long 

Cubic contents, gross. . 7410 cu. ft. 
Lumber allowance... : 1083 cu. ft. (13,000 ft. B. M. 
Equipment allowance : 50 cu. ft. 
Cubic contents, net 6277 cu. ft. 
Allowing a moisturé-lifting capacity averaging 25 grains of water 
vapor per cu. ft. of each discharge from the kiln: 
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Fic. 3 CLAsses OF VENTILATED KILNs 
(From left to right, ventilated at top, side and bottom 1, heating unit; C, 
fresh-air inlet; D and D’, used-air outlets; and F, humidifying unit.) 


Discharge per cu. ft. 
Total single discharge. 
Hourly discharge (3)... 
Daily discharge (72) 


25 grains or 0.00357 Ib. av oirdupois 
0.00357 X 6277 = 22.42 lb. 
67 . 26 lb. 
1614.25 lb. 
Estimating the average water content of saturated oak lumber at 
1 lb. per ft. B. M.: 
Lumber allowance 


Moisture te be removed 
Time required 


13,000 ft. B. M. 
13,000 lb. 
13,000 + 1614=8.05 days 


This would indicate that the actual drying period (Fig. 2) will re 
quire practically eight days if the texture of the lumber permits of 
an average removal of 25 grains. An additional time allowance 
should be made for steaming. 

The removal of 2 lb. moisture per ft. from green gum, for in- 
stance, would necessitate either increasing the drying time pro- 
portionately, or operating at a higher temperature. 


Moisture EQUILIBRIUM 


Theoretically it may be possible to reduce lumber to absolute 
dryness, but it cannot be kept so except in sealed receptacles. 
Under ordinary factory-workroom conditions, it will reabsorb to 6 or 
8 per cent moisture. It is necessary, therefore, only te dry down 
below normal and allow for reabsorption. In ordinary lumber 
yards the lumber will rarely air-dry below 15 per cent, and kiln- 
dried stock left out of doors will absorb to about the same point. 
For structural purposes, exposed to weather the moisture content of 
timbers should be around 15 per cent to prevent shrinkage or ex- 
pansion. For more accurate work the equilibrium point should be 
ascertained for each plant and will be found for interior trim to be 
about 8 to 10 per cent and for furniture, pianos, etc., from 4 to 7 
per cent. 


VENTILATED KILNs 

Ventilated kilns are readily grouped into three classes as indicated 
in Fig. 3. 

Kilns of the first class are ventilated at the top, either through the 
ceiling and a cupola on the roof, or through openings in the side walls 
near the ceiling. Fresh air is usually admitted near the floor and 
the air movement must be distinctly upward. The real problem 
is to obtain an efficient utilization of this air movement to lift 
moisture out and up from the lumber. 

No difficulty will be encountered in securing ample air discharge, 
as hot air will always rise and seek an exit. It is obvious that the 
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hot air escaping will not be heavily charged with moisture. Only 
to a limited extent is it possible to use this upward-moving air as a 
moisture vehicle, because the increased water-absorption capacity 
accompanying higher temperatures will carry only a small amount 
of water vapor without a net increase in weight. 

As an example, suppose the temperature of the air in the lower 
part of the kiln is 140 deg. fahr. and at the top 160 deg. fahr.; dry-air 
weights, 463.09 and 448.11 grains per cu. ft., respectively, a differ- 
ence of 14.98 grains (less than 20 per cent relative humidity at 
160 deg.). Air, therefore, cannot move upward and carry as much 
as 15 grains (neglecting expansion which is less than 4 per cent). 
Compare this with the fact that in a down-draft kiln the air at 140 
deg. can carry 56 grains per cu. ft. before reaching saturation. 

Any steam spray in this type tends to monopolize the limited 
moisture deficit of the kiln air and to greatly decrease the drying 
power as the air circulates upward through the lumber. 

The second class have air exits at the sides and air inlets usually 
at the bottom. There is less of a scientific basis for this type than 
for either the first or the third type. There is great danger of 
“short-circuiting” the air across a corner of the kiln, thus causing 
pockets in places where a lack of air movement prevents drying. 
When this type is applied to the primary drying (to reduce shipping 
weight) at sawmills, with high temperatures, it may give fair 
results in regard to the removal of free moisture, and perhaps will 
reduce the moisture content to 15 per cent, but below this point 
it is undependable. 

The use of steam spray or the handling of relatively 
moisture-laden atmosphere is no more possible than in the first 
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Fic. 4 TRANSVERSE SEcTION OF A KILN, SHowiING Cross-Pi_e (at Lert 
AND Enpb-Piie (at RiGut 
Notice somewhat better air circulation opportunity in end-pile.) 
type. Neither of these types are adapted to what might be termed 


final drying for musical instruments, furniture, high-grade cabinet 
work, interior trim, or any object where permanence of dimension 
and a high degree of finish are required. 

The third type, which is often called “‘reversed”’ ventilation, has a 
downward circulation with outlets at the bottom. The fresh-air 
inlets are at or near the ceiling line and the damp-air exits are in f 
pit below the lumber. This method adapts itself most effectively 
to the handling of heavy moisture-laden air shcwn to be necessary ‘0 
dry the lumber uniformly. Whenever any portion of the atmos- 
phere of the kiln acquires a substantial amount of moisture, it will 
lose temperature, increase in weight, and settle. It is theref 
necessary to provide an adequate damp-air accumulation pit belo 
the lumber, and to supply chimneys or stacks with sufficient 
draft to carry this moisture-laden air up and out. Heavy air that 
has settled into a pit will not readily be drawn up a stack. Steam- 
heated pipes in the stacks will accomplish this and at the same time 
keep the water vapor from condensing on the interior of stacks or 
at their top outlets. This type gives opportunity for excellent con- 
trol, as any humidity can be handled and the air discharge be uncer 
positive control under various climatic conditions. For high-grade 
work it affords reliable regulation of the three essentials: tempcra- 
ture, humidity, and circulation. 

It has been the purpose of this paper to outline some of the funda- 
mental principles in lumber drying and to indicate their most 1m- 
portant applications. Many of the combinations of mechanical 
apparatus are adequately covered by United States and foreign 
patents, although the fundamental elements have been in use 100 
long to have further protection. 

(Continued on page 120) 
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Diesel-Engine Clutch Used in the German 
Submarine “U-117” 


By W. H. NI 


The purpose of this paper is to give to American builders of Diesel engines 
the benefit of the author's knowledge of German Diesel-engine clutches 


obtained at the time of the dismantling of ex-German submarines in the 
United States 


of German Diesel-engine clutches are covered generally 


HI submarine U-J17 commissioned 
in 1917 and operated off our North 
LOIS 


by the Germans 
Atlantic coast in that 
It is known that this 
ibmarine took part in the sinking of coal barges and fishing boats 


was 


summer and in the summer of 
the vicinity of Nantucket and it is supposed that she is responsible 
for the planting of mines off the Long Island Shore, one of which 


ink the U. S. Cruiser San Diego 





The U-117 is a large mine-laying and -operating submarine 
Her overall dimensions are: length, 275 ft.;: beam, 17 ft and 
raft, 10 ft She has a carrving capacity ol 20 torpedoes and 45 
ies. The armament consists of a 6-in. rapid-fire gun forward 
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I SECTIONAL View oF Dieset-Enaine Ciurcn Usep in THE GERMAN 
SUBMARINE U-]17 
an 5-in. gun aft, both on the main deck. There are four torpedo 
tubes in the compartment forward, and two mine tubes in the 
con 


irtment aft. 

The engine equipment consists of a port and a starboard Diesel 
oil engine, four-cycle, six-cylinder with two air-compressor cylinders 
of 1200 i.hp. at 450 r.p.m. for surface cruising and battery charging. 
The bore of the working cylinder is 17.73 in. and the stroke 16.5 
in. The complete engines weigh 57,000 lb. each. 

There are also the port and starboard main motors, each rated 
at 600 hp. at 332 r.p.m., for submerged operation. In general, the 


desizn of the motor comprises two compound interpole assemblies 
*D igner, Engr. Dept., Westinghouse Elec. & Mfg. Co. 
ae ] U-117 was recently used as a target and sunk off the Virginia 
Capes in the U. 8. Army airplane bombing experiments. 
Contributed by the Gas Power Division for presentation at the Annual 
Meeting, New York, December 4 to 7, 1922, of Tue AMERICAN Society OF 
Mecnantcat ENGINEERS. 


All papers are subject to revision. 


The U-117's clutch is described in detail and other types 
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in one frame with 


the armatures in tandem on the sar t 
motor-generator fashion. The motors receive their power from 
two 124-cell 248-volt storage batteries. When the boat is under 
way on the surface, each motor unit is driven as a generator by the 
Diesel oil engines, using the excess power of the engine to recharg 
the batteries and carry the auxiliary power load 

The log of the U i] _her general de scription, and the des ? n 
of her propelling machinery give some idea the rk p ed 
by her clutches 

DETAILS OF THE [ Main ENGINE Ciurcnu 
The lutch is located between thi Diesel vil | n 
{« 
A > y r 
ox ‘ 
3° y 
, 
er “ei. 
1 > 
} 
{« - 
( List 


motor, both port and starboard. It is of the single cone and disk 
friction dry type, constructed of semi-steel and cast iron, and opera- 
ted by compre ssed I The clutch was built to metric measure. 
\ll dimensions given in this paper, however, are in nearest inches 
or tractions ol an inc! 

The outer casing, adjusting plate, worm wheel, and adjusting 


screws, which serve as a fly wheel, are ¢ 


shaft. 


irried on the engine crank- 


The casing as shown in Fig. 1 is made of two parts bolted 


together. The inner surface of the after casing is machined to a 
cone surface; the forward casing is a straight sleeve or spacer for 
power transmission only. The extreme outside diameter of the 


casing is 45 in. 

The inner clutch cone or male cone and clutch disk are carried 
on the guide pins of the spider, on which they are a sliding fit. 
They are of semi-steel and the outer surface of the male cone is 
finished to conform to the conical surface of the female or flywheel 
part. The forward surface of the clutch disk is finished for contact 
on the fabric shoe of the adjusting plate. Figs. 2 and 3 are detail 
sketches of the male cone and the clutch disk carried by the spider. 
The taper of the cone surfaces is about 14 deg. 
disk are bronze-bushed for the guide pins. 

To the outer surface or periphery of the male cone there is at- 
tached, by means of countersunk machine screws, a fiber shoe 
as shown in Figs. 1 and 3. The shoe is '/, in. thick and is made up 
in four sections, the divisions being in the direction of the axis of 
the guide pins or shaft. It is the surface of the fiber shoe that 
contacts with the metal surface of the female or outer casing when 
the clutch is thrown in. 

The spider, attached to the motor shaft by a single key and a re- 
taining screw has three guide pins parallel to the axis of the engine 
and motor shafts and extending through the spider on either side 


The cone and 
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as shown in Figs. 1 and 4. 
are shrunk in the spider. 
The clutch is thrown in by forcing the male cone and the disk 
apart until the male and female cone surfaces engage and the disk 
surface engages the fabric shoe of the adjusting plate; and by 
drawing the male cone and the disk together and thus releasing 
the surfaces the clutch is thrown out. 


The guide pins are steel forgings and 


The male cone and the 


4 f.. 
“ak 
we |p... : 
ee IPA Ve J 
: , 4 D ~* A j » j 
pee o baw 
“ _ J 4 
i" » 
ho ~ , 
a ; 
* \ 
| \¢ | 
1} \ . he i 
| tad | | 
I | ~ &, be 
4 Ee aN +t mm 
Wie > io 2 
= ae f +\ = 4 Vee 
| , “ Ne ra 
el & MA o> } Ye Mf 
Teil | ~~ y A 
3} e7| . | . 
ra! a8”) Qs ROR: If +24 
} At | ENN Y Wis Los \ 
VR OS Apr 
| = . 
way = s 
Section A-A >A 
Fie. 3 CrLuTcH CONE 


disk are drawn together or forced apart by a series of links and 
toggles actuated by a sleeve or collar (A in Fig. 1) sliding on the 
motor shaft. The shifting collar is shown in detail in Fig. 5. It 
is babbitted for a sliding fit on the motor shaft and is single-keyed 
thereto. 

Referring to the lower half of Fig. 1, the center z is shown fixed 
to the male cone and center z to the disk. The clutch is engaged 
by separating centers x and z and by forcing center y up to a line 
adjoining centers x and z. There are three sets of operating links 
and toggles equally spaced between guide pins of the spider as 
shown in Fig. 4. 

To the after side of the worm wheel there is attached by means 
of six adjusting screws a steel disk or adjusting plate faced with 
fabric. The fabric is 7/i5 in. thick and serves the same purpose 
as the fiber shoe of the male cone. The fabric is also in four sections 
and is secured by means of countersunk machine screws. The 
sectional divisions of the fabric are radial. When the clutch is 
engaged, the forward surface or finished surface of the clutch disk 
has contact with the fabric shoe. 

The fore-and-aft movement of the male cone and disk is */s in., 
or a total of */,in. The fiber and fabric shoes have some flexibility 
and it is these surfaces that absorb the load shocks and transmit 
the power of the engine. The design of this clutch differs in this 
respect from the clutch used with the 3000- and 1750-hp. engines, 
in that those clutches have, when engaged, a metal-to-metal contact 
on lubricated surfaces. The fabric and fiber shoes may be re- 
newed when worn. 

The adjusting worm wheel is carried on the engine turning gear 
(see B in Fig. 1) and is rotated by the adjusting worm (C) which 
is hand-operated from either end of the worm shaft by means of 
a wrench. The adjusting worm is bracketed to the engine turning- 
gear cover plate. Any movement of the adjusting worm is trans- 
mitted through the rack (£) and rotates the adjusting screws (F) 
which are threaded through the worm wheel. There are six ad- 
justing screws equally spaced, three of which are secured to the 
adjusting plate by means of the guide screws (D). The other 
three adjusting screws have contact only on the forward surface 
of the adjusting plate; their ends are flat and do not penetrate 
the plate. The sketches do not show the short adjusting screws. 
By means of the adjusting mechanism there is a movement of 
°/i¢ in. between the disk and the fabric shoe, the adjusting plate 
moving aft from the turning gear that distance at the surfaces 
marked W in Fig. 1. 

The guide pins of the spider are lubricated by means of three 
grease cups attached to its arms by a length of pipe. The guide 
pins and spider arms are drilled for the passage of grease and the 
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former are grooved for its distribution. Plugs are inserted in the 
blind ends of drilled holes. The circumferential force of centrifugal 
force of the clutch should carry sufficient grease to the pins without 
attention to the grease cups except for occasional filling. 

The clutch shifting cylinder shown in Fig. 6 is of semi-steel. 
The bore is 7 in. and the stroke » to 8 in., 
on the setting of the pistons. 


is from 7! depending 
The pistons may be set for long or 
short stroke by means of the piston adjusting nuts. To prevent 
pistons from striking cylinder heads when operating, adjustable 
stops are provided on the ruide rods and spring stops are secured 
to the cylinder heads. The springs at either end of the cylinder 
absorb the shocks when throwing the clutch in or out 

The general arrangement of the clutch is shown in Fig. 7. The 
clutch operating cylinder is placed alongside the engine with its 
center line parallel with the axis of the crankshaft. 

The eluteh cylinder is operated by air pressure and transmits 
its power through the crosshead, yoke, and fulcrum to the clutch 

The fulcrum bracket is of semi-steel and is carried on a foundation 
from the ship’s floor. It is estimated that the load at the fulerum 
is about 16,000 Ib. 

The clutch shifting ring is held in its position by the yoke pins 
and is lubricated for contact with the clutch shifting collar by 
means of a wick in the oil reservoir. 

The engine-turning gear carried with the clutch consists of a 
worm wheel carried on the engine crankshaft flange and a hand- 
operated worm which is locked out of position when not in use. 
The diameter of the turning gear is 46°/s in., which is the extreme 
outside dimension of the assembled clutch. 

Fig. 8 shows diagrammatically the arrangement of the clutch- 
shifting piping. Compressed air for the operation of the clutch 
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is supplied from the main engine air-starting flasks at 160 atmos- 
pheres (metric measure) or about 2275 lb. per sq. in. It is not’ 
that the air is drawn from the top of the flasks by means of an 
internal pipe to prevent water that may be collected in the flasks 
from passing through to the shifting cylinder and damaging it 

There is a pressure-regulating and relief valve in the pipe from 
the air-starting flasks, with stop valves on either side and at the 
flasks. The air passes through the clutch operating valve to the 
receivers and then to the clutch operating cylinder. 

The clutch operating valve is so designed that its ports take care 
of the exhaust air from the opposite end of the clutch operating 
cylinder by a single movement of the handle, exhausting the aif 
and entrained water to the ship’s bilges. 


—~ 
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When the clutch is thrown in, it is self-locking, as shown by 
position of links and toggles in lower half of Fig. 1. It is to be 
noted that this locking is accomplished by forcing center y slightly 
above centers x and z. Air may then be shut off from the clutch- 
shifting cylinder until it is necessary to throw the clutch out. 
The centrifugal force of the clutch will not throw it out. The ad- 
vantage of the self-locking feature lies in the assurance that the 
holding power of the clutch does not depend on a éonstant pressure 
of air in the cylinder. Where air pressure would be used for holding 
the clutch in, there would be the possibility of leaks or fluctuations 
and the release of the clutch. 

All air piping is '/2 in. in inside diameter and of seamless drawn 
steel with steel rings brazed to the ends for making up the joints 
The pipes are secured in forged-steel fittings by means of a male 
nut placed on the pipe back of the brazed ring, the nuts then being 
screwed into the female joint of the fittings. Gaskets are either 
fiber or copper, placed within the fitting. All pipes and fittings 
tested to 3000 Ib hydrostatic pressure per sq. in. 

For emergency there is a hand pump for the operation of the 
clutch. 


CLASSIFICATION OF GERMAN DIESEL ENGINES AND CLUTCHES 
The German Diesel oil engines were generally classified as follows: 


10-cylinder, 4-cycle, 3000 i.hp., for large cruisers (submarine 

6-cylinder, 4-cycle, 1750 i hp., 

6-cylinder, 4-cycle, 1200i.hp 
marines 


6-cvlinder, 4-cvcl 


for large operating submarines 


, for large mine-laying and operating sub- 


550 i.hp., for mine-laying and coastal submarines 


Clutches for the 3000- and 1750-i.hp. engines were of the double- 
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cone, friction, lubricated type, operated by compressed air or elec- 
tric motor. 
Clutches for the 1200- and 550-i.hp. engines were of the single- 


cone and disk, friction, dry type. The 1200-i.hp. engine clutches 
were operated by air and are described in detail in this paper. 
he 550-i.hp. engine clutches were operated by hand through worm 
ha gear. 


he details of design of the German Diesel-engine clutches were 
practically unknown in this country prior to the surrender of the 
rman submarines, and considerable difficulty was experienced in 
dismantling them. 

t the time of the arrival of the submarine freighter Deutschland 
at New London, when an appointed board of naval officers and 
civilians inspected her to establish her status, it is known that much 
interest was shown in her clutches, the construction of which was 
considered remarkable in so far as so small a diameter of clutch 
Was capable of transmitting such large horsepower. No informa- 
tion of value was then obtainable, but later, when the surrendered 
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German submarines arrived in this country, the clutches were 
one of the first mechanisms to be investigated. 

It is believed that many improvements can be made in the design 
of American clutches by adopting some of the principles of the 
German clutches. The author has had experience with 
American clutches and has found them to be of the tooth or positive- 


Some 





drive type, or of the friction-iack type These clutches have been 
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the source of trouble and are constantly in need of repair. The 
tooth type does not allow the flexibility of shaft speeds required 
in maneuvering a ship that a friction type allows, and from ex- 
perience it has been found that the friction types are not of suffi- 
cient strength and rigidity to transmit heavy loads. During the 
war one of our American submarines went below her depth by 
accident and it was necessary to insert emery paper in the clutch 
before the jaws would take hold and allow her motors to operate 
the shaft-driven bilge pump 
of a ship and many lives. 

The friction-jack types are usually thrown in by hand through 
a series of levers and therefore lack the holding power of an air- 
operated clutch. 

With the friction-jack type of clutch there is nearly always a 
misalignment of shafts when the clutch is in, due to improper setting 
of the jack screws or adjusting screws. The screws are placed 
radially and must be adjusted from time to time to take up wear. 
It requires a skilled operator to properly adjust such a clutch. 

In the German clutches the adjustment is fore and aft along 
the axis of the shaft, and with a proper alignment of shafts when 
machinery is first installed there is little possibility of misalignment 
when the clutch is in. 

The author will be glad to give any further information desired 
by clutch manufacturers or engineers that will help to improve our 
American clutches 


Such delays may cause the loss 


a marked drift toward 
larger units of Diesel engines. Only a few years ago the Diesel 
engine was confined to sizes under 500 hp. It was considered that 
150 hp. per cylinder was the maximum to be obtained save at the 
sacrifice of reliability. This impression has been obliberated, and 
a number of manufacturers are building units of 300 to 400 hp. 
per cylinder. Two years ago an investigation by Power on the 
Diesel engine industry revealed that the average horsepower per 
engine was close to 300. 


During the past year there has been 


In 1922 the average horsepower per 
engine sold was over 500 and the total horsepower approximately 
70,000. This is evidence of the greater faith of the builder as well 
as the increased confidence of the power user in the internal-com- 
bustion engine. A marked fctivity has been shown in the develop- 
ment of solid-ignition, gas-injection, and other oil engines not using 
air compressors. These units have been of such sizes as to be com- 
petitors of the semi-Diesel rather than of the Diesel engine. It 
would seem that these types will find their logical place between 
the capacities that are naturally Diesel and those adaptable to the 
semi-Diesel. Power, January 2, 1923, p. 17. 











Test Code on Instruments and Apparatus 


Preliminary Draft of Chapters 1 and 2, Dealing Respectively with General Considerations and with the 
Accuracy of Measuring Instruments, and Being the First Installment of this A.S.M.E. 
Power Test Code to be Published 


As STATED a number of times before, the A.S.M.E. Committee 
on Power Test Codes is now engaged in the revision of the 
Society’s Power Test Codes of 1915. Mr. Fred R. Low is Chairman 
of the Main Committee of twenty-five which guides the work of 
the nineteen Individual Committees. Below are reproduced the 
first two chapters of the Code on Instruments and Apparatus 
which is to cover the descriptions of instruments, apparatus, and 
processes common to the sixteen Power Test Codes. The individ- 
ual Committee which is developing this Code is headed by Mr. 
C. F. Hirshfeld as Chairman and consists of Messrs. C. M. Allen, 
E. G. Bailey, L. J. Briggs, W. A. Carter, R. E. Dillon, 8. B. Flagg, 
S. A. Moss, R. J. S. Pigott, G. B. Upton, E. B. Ricketts, J. J. 
Flather, F. M. Farmer and J. B. Grumbein. 

The Committee and the Society will welcome suggestions for cor- 
rections or additions to these two chapters from those who are par- 
ticularly interested in this part of the subject. These comments 
should be addressed to the Chairman of the Committee in care of 
The American Society of Mechanical Engineers. 


CHAPTER I 


GENERAL CONSIDERATIONS 


1 The instruments and apparatus here considered are those used 
for measuring physical and chemical quantities in connection 
with tests of power equipment of various sorts, as required by other 
parts of the Code. 

2 Measurement of a physical quantity never gives a result which 
is correct in an absolute sense. The numerical value determined 
always differs by some amount from the real value being measured, 
and the extent of the deviation depends upon the type of instrument 
and the method of its application. This fact imposes upon testing 
engineers the duty of studying measuring instruments and methods 
to such an extent that they can show in any given case that they 
have made all measurements to the degree of accuracy demanded by 
the purpose of the test. 

3 The accuracy attainable in any given measurement is de- 
pendent upon four things: 

(a) The method of applying the instrument 

(b) The accuracy of the instrument itself 

(c) The accuracy of the observer, and 

(d) The characteristics of the quantity being measured. 

4 As examples of the first effect the following may be cited: 

(a) Even if a steam calorimeter were capable of indicating the 
quality of steam flowing through it without error of any sort and 
if the observer handled it perfectly, the value determined in any 
given case would not be the quality of steam in the pipe unless the 
sample flowing through the calorimeter correctly represented the 
steam flowing through the pipe from which the sample was drawn. 

(6) If an absolutely accurate thermometer and a perfect observer 
could be obtained, such thermometer and observer would not nec- 
essarily give correct results in the measurement of, say, the tem- 
perature of superheated steam, unless the thermometer was prop- 
erly immersed in the superheated steam or in a body having the 
same temperature as that steam and all necessary precautions were 
taken with regard to the thermal condition of the part of the ther- 
mometer not immersed. 

(c) If a steam-engine indicator was a perfect instrument and 
perfect observers were obtainable, the card given by the indicator 
would still be in error if the pressure copnections were not such as to 
apply instantaneously to the indicator piston the pressure acting 
on the engine piston, or if the motion of the indicator drum did not 
perfectly follow the motion of the engine piston. 

5 In connection with the accuracy of the instrument, it should 
be noted that no instrument is accurate in an absolute sense. 
All instruments give only a more or less close approximation to the 


— 


value of the quantity being measured. It is necessary to use that 
type which will measure to the required degree of accuracy and to 
know that it is in condition to do so. The accuracy of instruments 
will be considered at length in later paragraphs. 

6 Accuracy of observers is not commonly given the attention it 
deserves. An observer should always be familiar with the theory 
and the mechanism of the instrument which he is using and should 
understand the degree of accuracy required on his part in its use. 
However, even after all such precautions have been taken there are 
still two forms of observational error to be guarded against. These 
are: 

(a) Accidental errors, due to misreading the 
incorrect entry on the log of a value correctly read, failure 


graduations, 


to perform some necessary manipulation, ete.; and 

(b) Personal errors which are dependent upon the per- 
sonal equation of the observer, such as carelessness in 
interpolation, tendency to consistently read high or low, 
inability to read rapidly, thus introducing a time lag, ete. 

7 The characteristics of the measurement being made are of 
particular significance in engineering testing because conditions must 
usually be accepted asfound. Inthe laboratory, on the other hand, 
conditions are ordinarily altered to facilitate measurement. Thus 
a quantity the magnitude of which is continuously changing is more 
difficult to measure at any moment than when it is not changing. 
The more rapid the variation the greater the difficulty, and, in 
general, the lower the accuracy attainable. Again, some quanti- 
ties are measured so often under similar conditions that the methods 
have been developed in great detail, while others are measured so 
seldom or are ordinarily measured under such different conditions 
that little is known with respect to details, best methods, sources 
of error, ete. 

8 At best, there will always be required in engineering tests 
certain measurements which are of such character that the degree 
of accuracy obtainable will be questionable. As examples of meas- 
urements which fall into this class at the present time the following 
may be cited: 

(a) Determination of steam quality 

(b) Determination of the temperature of superheated steam 
(c) Determination of the calorific value of fuels 

(d) Determination of combustible in boiler refuse, ete. 

Since it is the purpose of the Code to provide methods upon which 
all can agree and upon the basis of which business can be done and 
guarantees can be made, rather than to produce a set of directions 
for scientific investigations, such cases are hereafter handled in a 
purely arbitrary manner. That is, attention is called to the 
known sources of error and to those precautions which can be taken 
to minimize their effects, and an arbitrary standard method of 
measurement is then prescribed. It is anticipated that as research 
develops, more accurate methods than these will be prescribed in 
subsequent revisions of the Code. 

CHAPTER II 
ACCURACY OF MEASURING INSTRUMENTS 

1 Attention has been called to the fact that instrumental ac- 
curacy is purely a relative matter; there is no such thing as abso- 
lute accuracy in connection with the measurement of physical 
quantities. Accuracy in this connection has to do with two radi- 

vally different considerations which may be designated as— 

(a) The intrinsic accuracy of the instrument, and 

(b) The accuracy resulting under the conditions of use. 
The former is treated generally in the paragraphs which follow 
and more specifically in later sections dealing with individual in- 
struments. The effects of conditions of use are considered in the 
sections dealing with the individual instruments. 
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2 Accuracy is used to designate the extent to which the indica- 
tions of an instrument approach true values of the quantity being 
measured. The accuracy of an instrument can be determined by 
calibration, but it is important to note that this often determines the 
accuracy only for conditions of use similar to those maintained dur- 
ing calibration. For this reason it is often advisable to calibrate by 
methods which will subject the instrument to as nearly as possible 
as those existing during use in a given test. 
It is also important to note that moving an instrument to or from 


the same conditions 


the place of use or that dismantling during installation or removal 
may seriously affect its accuracy. For this reason calibration in 
place may be necessary under some conditions or with 


types of equipment. 


some 
3 The methods used for expressing accuracy vary One common 
method is to state that the instrument is accurate to within plus or 
minus a certain specific amount or a certain percentage at a certain 
point on the scale or between certain points on the seale. Thus a 
thermometer may be described as having an error not in excess of 
100 deg. fahr. and 300 deg. fahr. It is 
convenient to state the accuracy of instruments in this way when 


—0.5 deg. fahr. between 
speaking in a general sense, but other methods are preferable for 
more specific applications. 
hould indicate the correction to be added to the indication of the 
instrument to obtain the 


For such purposes the form of expression 


real value of the measured quantity. 
Chus, a thermometer might be said to have a correction of 4 0.5 deg., 
ndicating that at this point of the seale it reads 0.5 too low. A 
0.5 would mean that it reads 0.5 too high. 

t For comparison of 


orrection of 
similar character 
mong themselves the specific inaccuracy at normal indications is a 
ost useful value 
ie value. The may 
ts within the range of the 


Various Instruments of 


ratio of error to 
or different 
instrument. As an ex- 
iple of the meaning of this term, assume a pressure gage which 
ids 48 Ib. when a pressure of 50 lb. is applied and 98 Ib. when 
100 Ib. is applied. 
2 50 
per cent, 


The specific inaccuracy is the 
numerical value be the same 


various pon 


The specific inaccuracy at the lower point is 
0.04 or 4 per cent, and at the higher point 2/100 = 0.02 or 2 

If the inaccuracy is specified as a certain percentage of the 

| scale reading, then the maximum inaccuracy at any other read- 
ing 1s inversely proportional to that reading. This sort of thing is 
characteristic of nearly all measuring instruments which carry 
a uniform seale, that is, a scale divided uniformly from end to end. 
An error of given magnitude at a high scale reading represents a 
much smaller percentage error or specific inaccuracy than does an 
When instru- 
ments are so arranged that the length on the scale representing one 
unit of the measured quantity is long at the center of the scale and 
short at each end, the specific inaccuracy must obviously vary 
throughout the entire range in a more complicated way. Smaller 
curacy in observation will be obtained with an instrument hav- 
ing two or more ranges than with one having only one range, as 
the deflection of the pointer or index to a point of maximum ampli- 
tude will reduce to a minimum errors due to parallax in observa- 
tion or to any other cause. 

» Inaccuracy of an instrument in the sense in which it is here 
used is caused by features or factors in the instrument itself and 
has nothing to do with the effect of external conditions other than 
the value of the quantity being measured. 


error of the same magnitude at a low seale reading. 


Inaccuracy may be due 
to great number of different causes acting singly or in combination. 
The principal causes are: 

a) Imperfect material, as variation in bore of a glass tube, 
variation in the molecular structure of the material of 
springs, ete. 

b) Unavoidable physical phenomena such as capillary attrac- 

tion, imperfect refraction of light, friction of rest 
motion, ete. 


and 


Imperfect construction which cannot be improved, such as 
lost motion in gear trains resulting from necessary clear- 
ance in bearings or between teeth, changing lengths of 
levers due to necessary clearance in bearings or to the 
finite width of knife edges or points, ete. 

Imperfect construction which can be improved, such as ex- 
cessive friction, excessive lost motion, incorrectly cut cams, 
etc. 

Unavoidable or partly unavoidable properties of materials 
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such as the aging of glass, the gradual yi lding of materials 
to physical stress, 


ete. 


the aging of permanent magnets, 

6 Inaccuracies arising from such causes as are included under Par 
5 (a) are ordinarily of irregular character, causing more or less 
They are 
usually permane nt in characte ror change but slowly and are ¢ isily 


erratic errors throughout the range of the instrument 


taken into account during calibration. 


7 Inaccuracies arising from such causes as are ins 


5 (b), (c) and (d) are more or less regular in character and ar 
responsible for what has been called the hysteresis loop of an instru- 
ment. This is the loop which is obtained by plotting instrument 
readings against true values, using the instrument first in an ascend- 
ing sense and then in a descending sens \ similar but different 
loop can be obtained by plotting errors against true values or cor- 
rections against indicated values. This is considered lat greate! 
detail. 

8 Inaccuracies arising from causes included under Par. 5 
are responsible for what is known as aging or drift in instrument 
Within certain limits such aging or drift is not detrimental, al 
though it does necessitate lrequent calibration to guard against 
its effects. In certain cases it must be taken into account if errati 
results are to be avoided Thus a glass thermometer which is to 
be subjected to high temperatures must be artificially aged bef 
calibration and us 

9 Sluggishness is a term used to indicate the amount displac- 
ing or actuating elect req ured to cause motion of the i dicating 
part of an instrument It is determined by noting the smallest 


alteration in the quantity being measured that will produce a per- 
ceptible change in the Thus a ther- 


+ 5 de gv fal Il 


indication of the instrument. 
100 deg. fahi 


mometer which at requires a change of 


wn will have a sluggishness 


1a 
tO CAUSE it to move up ol ae 


5, 400 0.0125 


index of 
This factor is most useful when expressed as a 
percentage, 


| giving 1.25 per cent in the 


£ | example cited In com- 
sluggishness-index factors of instruments calibrated in 


Thus 


calibrated in degrees centigrade would have the 


paring the 
different units it is necessary to refer them to the same base. 
a thermometer 

just considered if it required a change of 
+278 ce g. cent 5/ 1.8) to cause it to move up or down, since the 
100 deg. fahr. corresponds with 204.4 deg. cent. o1 
above 0 deg. fahr. (—17.8 deg. cent.) which is the 
The sluggishness factor in this case 
0.0125 or 1.25 per cent. The value of the 
factor may and probably will be different for all points within the 
range of the instrument. 
mous with sluggishness. 

10 Sluggishness is often thought of as the opposite of sensitive- 
ness or sensibility. Thus it is common to speak of a thermometer as 
“sensitive to 0.1 deg. fahr.’’ meaning that it will respond to changes 
of that magnitude. This is technically an incorrect usage. 
tivity is defined as the rate of displacement of the indicating ele- 
ment of the instrument per unit change of the measured quantity. 
That one of a group of comparable instruments which gives the 
greatest displacement for a given change in the measured quantity 
is the most sensitive. 

11 Sensitivity of instruments is a most important property, as 
with other things equal it is the thing which determines the degree 
of refinement possible in their use. Unfortunately instruments are 
not always designed and constructed in such a way that the total 
available sensitivity is useful. Thus an instrument may be so 
constructed that it is possible to read on its indicator the movement 
corresponding to a variation of one unit in the value of the quantity 
being measured, but it may be so built that it will indicate values 
varying by as much as five units in successive trials with no change 
in the actual value being measured. The sensitivity of such an 
instrument is partly useless and is really misleading. A correctly 
designed instrument should have such sensitivity that the mini- 
mum readable movement of its indicator is not less than the amount 
by which the instrument may be expected to vary in successive 
indications of the same value of the measured quantity. To be 
exact these requirements should be stated in terms of the mean 
for both indication and variation as both may vary from point 
to point throughout the range of the instrument. 

12 Sensitivity in excess of requirements, as set by the accuracy 


same factor asthe one 


temperature of 
Po” 


= 
222.2 deg 


cent 
base of the fahrenheit scale. 
would be 2.78, 222.2 


“Passiveness” is often used as synony- 


Sensi- 
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desired in a given set of measurements, is generally a detriment 
because it involves delicacy, slowness of operation, or some other 
undesirable quality. 

13 Variance is a term used to represent the amount by which 
the readings of an instrument vary in successive indications of the 
same value of the measured quantity. Variance is due principally 





to— 
a) Lost motion, which also affects the sluggishness or passive- 
ness; 
(b) Friction, which also affects the sluggishness or passiveness; 
(c) Changes due to the stress-strain relation of springs in the 
force-resisting or restoring element of the instrument; 
(d) Changes in the distribution of parts, as variation of position 
of pins in bearings or variation in the amount of liquid re- 
tained on wetted surfaces 
(e) The immediately preceding history with respect to extent and 
speed of displacement; and 
(f) A great number of other more or less obscure phenomena. 
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Fig. 1 


14 Variance due to lost motion is commonly associated with the 
direction of motion of the parts in the instrument and it could 
be almost entirely eliminated if a given value could always be ap- 
proached from the same side. Under conditions of use this is com- 
monly impossible, although it can be done during calibration if 
desired. 

15 Variance due to friction can be partly eliminated by tapping 
the instrument just before taking a reading. This is common prac- 
tice in the use of instruments containing mechanical movements and 
is recommended if not carried to excess. 

16 Variance due to the other causes enumerated above is not 
under control except in so far as it can be kept at a minimum value 
by proper maintenance and proper handling. 

17 Instruments which are used in tests made according to the 
A.S.M.E. Power Test Codes must be tested to such an extent 
as may be necessary to determine their condition and 
accuracy. 


their 
Such testing is commonly known as calibration of the 
instrument. 

18 The exact procedure to be followed in calibrating instruments 
varies not only with the instrument but also with the use to which 
it is to be put, the accuracy desired and other considerations. 
In general the calibration should include determination of the 
following throughout the range which is to be used: 

(a) Sluggishness and its relation to the sensitivity of the 
instrument 

(b) Variance and its relation to the sensitivity of the instru- 
ment 

(c) Accuracy, or error of indication at different points within 
the useful range. . 

19 The principal methods available for the calibration of in- 
struments and apparatus of different sorts are treated in detail in 


MECHANICAL ENGINEERING 


Vout, 45, No. 2 


later paragraphs when the individual instruments are considered. 
Certain general features more or less applicable to all instruments 
are, however, discussed in the following paragraphs. 

20 Calibration for the determination of error of indication may 
be conducted with one of two different objects in view: It may be 
desired to determine the errors of indication with respect to absolute 
accuracy; or it may be desired to determine only the extent to 
which the instrument is constant within itself with no reference to 
absolute values. As an example of the latter case, consider a speed- 
measuring device used in connection with a test to determine 
governor regulation with change of load. Under such conditions 
it is essential that the instrument shall give properly comparable 
values, but a correct indication of any one speed is not essential. 
In most cases, however, calibration on an absolute basis is re- 
quired. 

21 Most calibrations for error of indication are made by direct 
comparison of the readings of the instrument under calibration with 
the readings of some other instrument which is used as a standard, 
or by subjecting the instrument to the action of effects of known 
magnitude. 
ing its indications with those of another thermometer previously 
calibrated, with the two immersed in a liquid under such conditions 
that they should indicate the same temperature. Or, 
eter may be calibrated by immersing it in pure materials undergoing 
changes of physical state known to occur at certain definite tem- 
peratures. 

22 When it can be done, it is best to calibrate by some method 
which will make it possible to determine the errors of the instru- 
ment at successive points on its scale while the quantity being meas- 


Thus a thermometer may be calibrated by compar- 


a thermom- 


4 Starting 
- edi Point 





Indicated Valves 











True Values 
Fig 2 


ured is varied by steps in an ascending and in a descending sens’ 
successively. 

23 When indications obtained in this way are plotted against 
true values a hysteresis loop will generally result if the work is don 
with sufficient care and skill. Such a loop is shown in Fig. 1 for 4 
case in which ascending values are determined first and in wl 
the instrument was reading a lower value than that at the starting 
point before calibration started. In such a case the lower et 
the loop will not commonly close. If the procedure is revers« 
that calibration starts at the higher values the resultant curve 
be reversed in shape and the upper end will not close in 
Cases. 

24 An ideally perfect instrument absolutely accurate throug 
the range under test will give results plotting on the 45-deg 
indicated in lig. 1 if true values and indicated values are p! 
to the same scale. 

25 In Fig. 2 are shown two hysteresis loops which might | 
tained when calibrating the same instrument. The loop slow! 
in full lines would be obtained with ascending values determuneé 
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first and that shown in dotted lines with descending values taining data for the hysteresis lo »), SO that a separate caubration 
determined first. Obviously there is no simple correction for for determining sluggishness is not commot Phi 
such an instrument. The departure from the true value varies observations made in determining sluggishness rded 
with the past history of its moving parts or elements. It is also with the other calibration data. They best con yaslug 
important to note that suecessive trials may not give values which — gishness index for successive points in the scale d tabulated 
will plot on the same hysteresis loops, particularly if the steps used — such 
in successive trials are of radically different magnitudes, or the rates 31 The sluggishness index is not an exact numerical value in an 
of variation are radically different or the amount of vibration to absolute sense. The amount of vibration to whic! i] iment 
which the instrument is subjected differs. is subjected during calibration or use has ked influet n its 
26 For convenience in engineering tests it is customary to draw — performance in this respect. Vibration | di LS 


or curve as a sort of average 
sas the This 
line or curve is usually drawn by plotting a series of points, each 


ome single line 


ind to use th 


of the hysteresis loop 


“calibration curve” of the instrument. 


Which is the mean of figures obtained for corresponding true 


| values when ascending and descending. This procedure is shown in 











Fig. 3 for the case in which only one hysteresis loop is determined. 
It is obvious that the exact shape and lo« ation of such a curve will 
vary with the way in which the loop is obtained. It follows that 

the “calibration curve” is not a true representation of the behavior 
of the instrument during its calibration, and, further, that it is 
not an exact means for correction of indications obtained under the 
constantly varying conditions of use. The approximate nature of 
the calibration curve should be kept in mind in all considerations 
dealing with the accuracy of observations and hence with the ac- 

iracy of test results. 
27 It is obvious that, with other things equal, the most accurate 
sults are to be expected with instruments giving the narrowest 
y 
kia , 
hysteresis loops, and such instruments should be used when ob- 





tainable and when their use is justified by the 
desired in the test. 

28 The calibration curve as shown in Fig. 3 is not in the most con- 
venient form for use under ordinary conditions. It is better to 
put it in the form shown in Fig. 4. Drawn in this way it is easily 
used and there is little possibility for error initsuse. It has the fur- 
st ther advantage that for ordinary conditions the entire plot occu- 


degree of accuracy 


. pies very little space, so that a number of curves can be drawn on 
one sheet without danger of causing confusion. Such an arrange- 
ment is shown in Fig. 5. 


) 


: 29 It will be observed that the calibration curve obtained in the 

Way indicated shows only the average amounts by which the in- 

dications of the instrument may be expected to vary from the true 

Values of the measured quantity. Such a curve tells nothing about 

sluggishness, sensitivity, or variance. These characteristics are, 

however, of importance in most cases and should be investigated 

during the calibration for the purpose of determining the adapta- 

bility of the instrument to the use intended, its condition, and the 
sccuracy which can be obtained in its use. : 

30 Sluggishness is best investigated by determining the amount 

if displacing effect required to start useful motion of the indicating 

wi elem nt after the instrument has been at rest. Such determina- 

ions should be made throughout the range which it is intended to 

use. In most cases such tests can be made conveniently while ob- 
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sluggishness in all instruments containing kinematic trains of any 
sort, pivots, bearings, and the like. For this reason it is customary 
to tap such instruments to induce vibration before reading. This 
should be taken into account during calibration, both in determining 
the error of the instrument and in determining the sluggishness 
factor. If an instrument is going to be used under such conditions 
that it will be subjected to vibration or can be tapped before read- 
ing, it should be calibrated under analogous conditions. Again, the 
rate of variation of the measured quantity has a marked effect on 
sluggishness. The sluggishness factor determined when the varia- 
tion of the measured quantity is very slow and very steady will be, 
ordinarily, quite different from that determined when the variation 
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is rapid but steady and, further, quite different from that deter- 
mined with rapid variations of opposite sign. All these factors 
should be taken into account when calibrating, an effort being 
made to approximate as nearly as possible the conditions to which 
the instrument will be subjected when in use. 

32 Variance can be determined directly from a hysteresis loop or, 
better, from a number of hysteresis loops obtained by starting at 
different points and by subjecting the instrument to variations of 
different directions, intensities, ete. The points marked a and 6b in 
Fig. 1 show two radically different indications which might be 
obtained for the same value of the measured quantity. It is quite 
common to assume that a point c midway between points a and b 
indicates the reading that would be obtained were there no variance. 
This is consistent with Par. 26. With this assumption the distance 
between a and c is a measure of the variance of the instrument at 
this particular point in the scale. There is obviously no certainty 
that the instrument will ever read closer to c than is indicated by 
the points a and b, respectively, and the possibility of variance of 
such extent must always be assumed in testing. Naturally, the 
value of variance will vary from point to point, so that it should 
be determined throughout the range that is to be used. When var- 
iance is determined in this way it should be tabulated or plotted and 
the record preserved with other calibration records of the instru- 
ment. 

33 Variance, like sluggishness, varies in value with the conditions 
existing during test or use. The character of the variation of the 
value of the quantity being measured the amount of vibration 
and other factors all have their influence. As an example, consider 
an instrument subjected to a sudden increase of actuating force or 
effect of sufficient magnitude to cause its indicating parts to move 
so rapidly that inertia carries them beyond the position they would 
normally assume, for the final value of the quantity being meas- 
ured. It may be that the amount of overtravel is so great that the 
unbalanced forces resulting are more than sufficient to overcome 
sluggishness without any vibration of the instrument. It may be 
that the overtravel is not so great and that sluggishness prevents 
restoration to the proper position even with vibration. It may be 
that the lost motion in the mechanical train is so great that even 
though the essential moving part of the mechanism comes back to 
a correct position the indicator or pointer remains in the position of 
overtravel. There are so many possibilities that it is practically 
impossible to correct for variance in the actual use of many in- 
struments. The best that can be done is to recognize the fact 
that the calibration curve of the instrument is in reality not a line 
but a band of finite width (or height) and to interpret its readings 
and test results depending on those readings in the light of such 
knowledge. 

34 Sensitivity is a property determined by the design of the in- 
strument; it does not change with the condition of the instrument. 
In case of mechanically operated instruments if a certain moving 
element has been chosen and a certain multiplying device has been 
designed, the pointer or other indicator must theoretically move a 
certain distance for a given change in the value of the quantity be- 
ing measured. In the case of a device like a mercury thermometer, 
if a given amount of mercury is subjected to a given change in 
temperature a certain volume change must occur and, in a capil- 
lary tube of a given bore, this must cause a movement of a given 
amount. The numerical value of the sensitivity is thus a charac- 
teristic determined by the design of the instrument. It is signifi- 
cant primarily in making a choice of instruments. These must 
have such sensitivity that the values of the quantities being meas- 
ured can be read upon the instrument to at least as small a sub- 
division as is required by the conditions of the test. 

35 The value of the sensitivity can be determined readily from 
the results of the calibration by noting the amount of displacement 
occurring for given variations in the values of the quantity being 
measured. It then becomes possible to state the displacement per 
unit of value and the minimum readable variation which follows 
from the design of the instrument. 

36 It is always necessary to compare the values of sensitivity 
thus determined with the value determined for sluggishness and 
variance. Sensitivity within the limits set by sluggishness and 
variance is useless, and an attempt to use it results only in wasted 
effort and, possibly, mistaken accuracy. 


15, No. 2 


LUMBER DRY KILNS 


(Continued from page 112) 


A few standards of construction, design, and operating methods 
are given below for the purpose of assisting in general layouts and 
development sketches. 

Kilns may be end-pile or cross-pile, i.e., boards may be parallel 
or at right angles to the rails (Fig. 4), depending largely on the fac- 
tory and yard arrangements. End-pile gives slightly better in- 
ternal circulation, although this is rarely determinative. 

A kiln car of lumber is usually 6 ft. wide, 9 ft. high (above rails 
including trucks), and from 12 to 16 ft. long (rarely longer). Higher 
loads not only upset easily but greater heights introduce uneven 
drying, or wet pockets, because of unavoidable temperature differ- 
ences between the bottom and top of an enclosed space. The 
writer knows of a battery of kilns 20 ft. high in which the top half 
of the load always dried first and there was a temptation to dis- 
charge the kiln before the bottom half dried. 

Kilns may be of the Progressive (open at both ends) or ingle 


charge (usually open one end) type as shown in Fig. 5. The former 
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Fic. 5 ProGressive Kitn (BeELow) AND SINGLE CHARGE (ABovi 
Each has equal holding capacity and output, together with minimum necessary 
trackage for loading and unloading 


involves a daily opening to remove and enter lumber, a daily mov- 
ing forward of ey ery car, with a consequent loss of from 5 to 10 per 
cent of the drying period from the opening of kiln, during the time 
required to cool sufficiently to move the ears, to the time when tem 
perature and humidity are restored to operative conditions. Th 
progressive kiln, to be efficient, requires that the charging end by 
maintained at a low temperature and a high humidity and t! 
discharging end at a high temperature and low humidity wit 
graduated intermediated conditions. Air circulation, chief! 
transverse, prevents dependable graduated conditions and t 
operator copes with irregular conditions. The subdivision of t 
heat and humidity sources may be of slight help, but in any case the 
progressive kiln is more complicated than the single-charge type 

The latter type (sometimes called box, compartment, pocket, r 
cell) requires the operator to vary his entire kiln regulation from day 
to day according to a predetermined schedule. The room is small 
enough so that control of uniform conditions throughout is sim 
Various kinds and thicknesses of lumber can be separated in different 
rooms and given individual treatment. Valves and dampers can 
be located in an accessible outside pit. When built in batteries 
with adequate transfer and yard trackage the single-charge type 
will produce as great a turnover from the investment as the pro- 
gressive, and dry the lumber better. 

Hollow tile, with an exterior brick veneer, makes the best walls, 
and a tile and reinforced-concrete roof with insulated wooden doors 
will complete an economical heat-retaining building. Solid con- 
crete is not only a poor insulator but adsorbs too much moisture 
and checks badly under high temperatures. Frame buildings, under 
the varying conditions of temperature and humidity, rot and rack 
rapidly. 

Scientific kiln drying is only at its beginning and wood users /iave 
but commenced to visualize the efficiency and economy that 38 
possible. Engineers can do much toward the solution of the prob 
lem by giving it the same degree of study and research that has 
resulted in substantial progress in other fields. 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


AERONAUTICS (See also Internal-Combustion En- 

gineering 

British Arr Ministry AND RatTeau Scueme ror HGH FLyIna. 
It is stated that the Directorate of Research of the Air Ministry 
(British) has rejected the Rateau scheme for flight at high altitudes 
for the following reasons quoted from the letter of the Directorate. 

“Considering the conditions under which both turbine and blower 
have to work, it is not considered possible to obtain overall effi- 
ciencies of the order of 30 per cent. A more likely value would be 
20 per cent, with 25 per cent as a practical limit. Taking 22.5 per 
cent as a value for an average plant, back pressures of the order 
of 3 lb. per sq. in. will have to be allowed in order to restore ground- 
level inlet pressures at 15,000 ft. The utility of the device will 
then depend largely on the effect this back pressure has on the 
running of an engine. In this connection both loss in power and 
possible overheating will have to be considered. In any case, the 
strictly limited range of ‘full compe nsation’ shows that the scheme 
proposed by Professor Rateau is not a complete solution of the 
problem, and that at greater altitudes, especially, other schemes 
will have to be considered.” The Practi 
1S67, Dec re 1922, pp 353 34, qd The mathe matical foundations 
for the high-altitude flight scheme of Professor Rateau, Men 
Am.Soc.M.E., were presented in his paper before the Society and 
published in MecuanicaL ENGINRERING, May, 1920.) 
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PARAGON ADJUSTABLE AND REVERSIBLE PROPELLER. 


tion of a propeller recently tested at Bolling Field. 


+ 


Descrip- 
For this purpose 
was installed on an automobile truck trailer equipped with a 
150-hp. Wright-Hispano engine. 

The two wooden or steel blades are fastened into steel sleeves, 
hich, in turn, are held in a steel hub, the centrifugal force being 
taken on ball thrusts and torsional and axial forces on plain bear- 
ings. In the method of fixing the wooden blades into the steel 
eeves as illustrated in the original article, the butt end of each 
ide is tapered outwardly at a small angle and the surrounding 
llar is split so that it may be first sprung over the butt and then 
mpressed into the taper. 


The pitch-changing mechanism is operated through the appli- 

tion of a braking force to either one of a pair of small brake drums 

rrounding the engine crankshaft and normally rotating with it. 

The brake drums are connected through a gear train to the indi- 
lual blades of the propeller. 


In the tests the engine was turning at 1500 r.p.m. No data 
given as to the strength of the blade where it is held by the 
t collar and as to its ability to resist the centrifugal stresses, 


Which is the main problem in the design of a variable-pitch pro- 
} ler. (Aerial Age, vol. 15, no. 21, Dee., 1922, pp. 5S7—589, d) 

ourR-ENGINE ALL-MetTAL AIRPLANE BUILT BY THE SCHNEIDER 
( 


Description of a airplane of the Henri-Paul type built by the 
great Schneider Works, the largest steel plant in France. There 
are several reasons why this airplane becomes of considerable 
interest. 

(he machine is of very considerable dimensions, weighing with 
full flying kit 10,020 kg. (22,050 lb.). It is equipped with four 
Lorraine-Diétrich motors of 370 to 400 hp. each. 

The wings are made with chrome-nickel steel frame members 
with stiffening ribs of a light alloy. The fuselage is made up of 
high-resistance light alloy and steel tubing. 

The original article gives considerable attention to the aerody- 
hamic properties of the machine and some data on design. It is also 
Stated that the Schneider works have under construction two 
four-engine airplanes which are each equipped with a 75-mm. 
gun. (Le Génie Civil, vol. 81, no. 23, Dec. 2, 1922, pp. 505-510, 18 
figs., dA) 
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ELECTRICAL ENGINEERING 
gineering 


ENGINEERING MATERIALS 


Leap-CoaTeD Pipe in THE A. T. & 8. F. RatLway ENGINEHOUSES. 
Considerable trouble has been experienced from rapid deterioration 
of water pipe in enginehouses on the A. T. & 8. F. Railway, and 
in an effort to remedy the situation a process of lead plating of 
pipe has been developed. 

This is done in the following way 


See Power-Plant En- 


The material to be plated Is 
first cleaned by immersion in a lye vat which serves to remove the 
grease and oil. The surfaces are next washed with a jet of water 


and then placed in another vat filled with a 17 per cent solution 


of sulphuric acid, which is followed by scouring produced by adding 
about 15 lb. of Chile saltpeter for each 600 sq. ft. of treated surface 


The saltpeter is added after the steel has been placed in thes 


acid solution 


ipouriec 


ind its addition is followed by a violent eruptive action 
within the vat 


redwood timber. 


} 


on all metal surface 


structed ol 


which. by the Wi is cone 
After this action has 


steel is removed from the cleaning solution and again 


. ibsidke a the 
washed with 


jet of water preparatory to the plating operation. Lead plating 


steel in a vat filled with lead acetate 


t 
is ef 


Tected by dipping the 


solution ranging from 20 to 50 per cent for a period of about 20 

min. About 0.1 oz. of lead is deposited per square foot of steel 

and the weight of this lead plating ean then be built up electro- 
desired 


It is stated that the resultant material retains all the physical 


1! f 
chemi auy ul 


strength of the steel superstructure and is as impervious to corrosive 


action as pure lead. 
The article describes also the new method of making pipe joints 
by means of forged steel flanges welded to the tube ends. Ra ay 


Review, vol. 71, no. 24, Dec. 9, 1922, pp. 818-820, 3 figs., d 


CARBONIZED CLAY 
Smith. 


A New Rerracrory Mareriat, Walter 
General discussion of the carbonization of clays with 
special reference to the osmose process and material produce d there- 
by. 

In general carbonization of clays is based on the fact that clay 
reaches maximum porosity in the earlier period of firing at a point 
when the clay is in the biscuit state. 


The material is then extremely 
absorlbe nt. 


This opportunity is seized for charging the clay with 
volatilized hydrocarbon As the heating is continued the clay 
powerfully contracts and entraps the particles of atomic carbon 
which are then compressed from the easy position adopted by them- 
selves by volatilization to a great density. The product thus made 
is carbonized clay. 

Black carbonized clay consists of clay grains reinforced with 
countless infinitesimal particles of carbon diffused throughout the 
pores. This material is remarkably dense, and so long as it femains 
in a reducing atmosphere is capable of withstanding the destructive 
action of heat beyond the highest commercially workable temper- 
ature and is unaffected by acids. 

White carbonized clay results from the action of an oxidizing 
flame on black carbonized clay. When such a flame plays on the 
black material myriads of particles of enclosed carbon are gradually 
consumed, a corresponding number of minute pores being created. 

Thus, instead of having the porosity which occurred naturally 
in the biscuit state of the clay (uncontracted), there exists an 
artificial (and almost equivalent) porosity in the fully contracted 
material, and, since the contractive force of the clay has been 
expended, the artificially created pores remain constant. In 
other words, when further heating is applied to the mass, the limit 
of contraction having been reached, difficulty is encountered by 
the heat in bringing about a state of fusion; the fusing point is 
therefore transferred several hundred degrees higher than that of 
the same clay in its natural state. 
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The black state provides a material adapted for heat resistance 
in reducing atmospheres, for the manufacture of acid-resisting 
ware, and for abrasive powders. In the white condition the clay 
should be used for the manufacture of refractory materials to be 
employed in the open flame, and in furnaces where air is freely ad- 
mitted. 

It is stated that the material is very little affected by hot acid 
fumes, both hydrochloric and sulphuric acid. The hardness of 
carbonized clay is just short of carborundum: indeed, it might 
replace the softer grades of carborundum and the material is amor- 
phous instead of crystalline. Its heat conductivity is twice that 
of standard firebrick. A specimen was shown which was intact 
after resisting a temperature of 1730 deg. cent. 

A remarkable phenomenon which occurs as a result of carbonizing 
clay is the fact that by carbonization iron oxide may be liberated 
trom clay as a by-pre duct. Alkalis are similarly liberated. (Jour- 
nal of the West of Scotland Iron and Steel Institute, vol. 30, no. 1, 
Oct., 1922, pp. 8-13, dA 


Marine Borers Atrrack Pitinc ALoNG ATLANTIC Coast. In 
the report of the San Francisco Bay Marine Piling Committee 
(compare MECHANICAL ENGINEERING, Dec., 1922, p. 834) it was 
mentioned that the marine borer had appeared on the Atlantic 
It is stated now that the National Research Council has 
undertaken an investigation to determine methods of protection. 
The first appearance on the East coast was established in Barnegat 

sav, New Jersey, in 1921. In order to secure definite information 

regarding the distribution of the various species and their rate of 
growth, a test board was designed carrying 24 blocks, one of which 
was to be removed on the first and sixteenth day of the month and 
sent to Harvard University or the University of California for proper 
investigation. The blocks are 2 in. by 4 in. by 5 in. in size, of white- 
ring sappy yellow pine, surfaced on four sides. The first boards 
were placed in June, 1922, and altogether 235 of these boards have 
been put in place between the eastern boundary of Maine and 
Kodiak, Alaska. As a result it was found that the various types 
of borers are present practically along the entire coast. 

In an effort to develop a system of protection, test blocks im- 
pregnated with various chemicals, in particular fractions of creosote, 
are being tested by immersion in Gulf and Pacific harbors, several 
tropical woods being also included in the test. A report on this 
work has not been published as yet. Reinforced concrete as a 
substitute for timber has not a record of useful success; in fact, 
the Committee has found very many more cases of failure than of 
success, and in most cases the causes of failure are very obscure. 

This investigation is being conducted by the Committee on 
Marine Piling Investigations of the National Research Council, 
New York City. (Railway Age, vol. 73, no. 24, Dec. 9, 1922, 
pp. 1083-1085, 5 figs., q) 


coast. 


FOUNDRY 

CastinG oF AtumMInuM Bronze, Chas. Vickers. Aluminum 
bronze requires some special methods of casting as compared with 
the practice of a brass foundry. It drosses and shrinks excessively 
and is also subject to gas cavities and internal shrinkage holes. 
Furthermore, machining is apt to disclose little nests of a white 
non-metallic substance (alumina). In the case of castings massive 
in size the alloy changes as it cools slowly in sand molds and suffers 
thereby a drop in tensile strength and particularly in elongation. 
(This change, known as “‘self-annealing,”’ has to be counteracted 
either by some device for the quick chilling of the casting or by the 
use of special compositions of aluminum bronze immune to the 
effect of slow cooling.) 

The article describes in detail how to counteract these undesirable 
tendencies in castings, in particular the method of gating used. 
Among other things it is recommended to use horn gates with the 
large end toward the casting and heavy risers to feed the shrinkage. 
Spiraling of the down gate is also suggested, and it is stated that a 
spiral runner of small cross-section is an important means of secur- 
ing dross-free castings of aluminum bronze, because it eliminates 
vertical sprues of large size down which it is impossible to drop 
the liquid bronze and not create an excessive amount of dross. 

The term “aluminum bronze” can be taken as meaning any alloy 


VoL. 45, No. 2 


of copper and aluminum, with or without additions of other ele- 
ments which have a base of copper. An alloy commonly used for 
small castings is copper, 89 per cent; aluminum, 10 per cent; and 
iron, 1 per cent. This has some advantages over the alloy of 90 
per cent copper and 10 per cent aluminum. Where great strength 
is required, as in the case of large valve stems, shafting, ete., an 
alloy of copper, 86 per cent; aluminum, 10 per cent; iron, 4 per cent, 
is extensively used. Since this alloy was devised by the author in 
1916 it has been extensively used under a variety of names, a proof 
of its remarkable qualities. In 1918, patent No. 1,264,459 wa 
granted from the application filed Sept. 27, 1916 Its physical prop- 
erties will vary according to the skill with which it is made. In 
tensile strength the cast metal should reach considerably over 
80,000 Ib. per sq. in. and its elongation should not be under 17 per 
cent, sometimes running as high as 30 per cent. (The Found 
vol. 50, no. 23, Dee. 1, 1922, pp. 958-960, 4 figs., d In this con- 
nection it may be of interest to note that the first comprehensive 
account of the properties of aluminum bronze published in this 
country was printed in the Transactions of The American Society 
of Mechanical Engine rs, vol. 15, p. 631, discussion by Mr. Le nn ird 
Waldo, Mem. Am.Soc.M.E. 


FUELS AND FIRING 


Factors AFFECTING THE Use or Arr IN O1L BURNING, WITH 
Comparison oF Cost, W. C. Buell, Jr. Discussion of the in- 
fluence of air pressure in burning liquid fuels. The author classifies 
all oil-burning systems offered for industrial heating practice into 
three general types on a basis of air pressure at the source of supply 
from which they operate, these three classes being: (1) Burners 
employing so-called ‘‘volume” air which is moved by high-speed 
fan blowers and delivered to the burners at pressures of from 4 to 
10 or 12 0Z.; (2 burners operating on so-called positive’ “all 
which is delivered to the burners by displacement or turbine- 
type machines and occasionally by high-speed centrifugal fans, at 
pressures of from 12 oz. to 2 lb.; (3) burners utilizing “high-pres- 
sure” air which is delivered to the burners from compressor lines 
in which pressures ordinarily run from 50 to 60 or 100 Ib. gage. 

The author discusses the factors affecting the use of air in oi 
burning under the above classifications, but with reference to the 
equipment included under class 1, it should be understood that 
burners operating on the low pressures of this class cannot depend 
on the air to atomize the oil but must of necessity use a mechanical 
system in which the oil fuel is atomized by the static oil pressur: 
forcing the oil fuel through very small orifices in the form of a fine 
spray which the low-velocity air can easily pick up. The use of 
this system is therefore limited to oil which is very fluid and ver 
clean. This confines it toa comparatively small field, as in this day 
and age only residual and heavy fuel oils should be considered as 
fuels. 

The investigation of the author covers the subject of air velocit; 
quantity of air required for burning oil, inductive properties « 
primary air as applied to oil-burning practice, ¢ »mparison of blower 
and, finally, comparative costs of air. 

The author comes to the conclusion that consideration of t! 
subject-matter and figures of this paper clearly show that the prope: 
method of burning oil is with air pressure under classification 2, 
or under some conditions with 15-lb. air under classification 3 

Further, all fuels are high priced whether they are coal, natural 
gas, manufactured gas or the liquid hydrocarbons, and in t! 
years to come the tendency will probably be for fuel prices to e 
tinue on an upward trend; therefore, to cut down fuel costs to t 
lowest possible figure it is necessary that all of the economic fae! ors 
entering into combustion reactions be given the most careful con- 
sideration and sound engineering principles applied to the installa- 
tion, application, and operation of all fuel-burning equipment 

The conclusion drawn throughout the paper can be applied with 
only slight modifications to the combustion of pulverized fuel. 
Naturally the requirements for atomizing as with oil are present 
only to a small degree, but undoubtedly the practice is similar 
with both types of fuel. 

No attempt has been made to cover oil-burning equipment as 
used in the firing of steam boilers and open-hearth, glass, or other 
regenerative or recuperative furnaces. Conditions of combustion 
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set up with the latter type of equipment vary so radically from 
those found in industrial-furnace application that the results given 
in this paper ean in no way be applied. (Proceedings of the Engi- 
neers’ Society of Western Pennsylvania, vol. 38, no. 6, July, 1922, 
pp. 201-221, 11 figs., epA 


HANDLING 
chinery 


AND CONVEYING (See Special Ma- 


HEATING (See Thermodynamics 


HEATING AND VENTILATION (See Power-Plant 
Engineering 


INTERNAL-COMBUSTION ENGINEERING 
Motor-Car Engineering 


See also 


RESEARCH ON SMALL DrILLep Ortirices, W. 8. von Bernut! 
Dat te carried out at Purdue University with special refer- 
ence the extremely small holes needed in carburetors and vapor- 
izing devices, including a description of the special apparatus de- 
signed’ lor the testing. 

It is stated that insufficient data are available on th periormance 


of small orifices. When applied to carburetors it is found that the 
same-bore orifice would change the metering characteristics, de- 
pending on temperature of the fuel, design of the orifice with re- 
spect to its length of bore, area of approach, discharge, and various 
othe factors. 

The article is devoted mainly to a description of the experimental 
equipment and states that at the present time data are available 
se. gasoline, 41.2 Be. kerosene, and distilled water. It 
also gives a chart showing actual discharge and effect of temper- 


on 56.5 


iture on orifice discharge with gasoline, the orifice diameter being 
0.030 in. and the thickness of orifice plate 0.5 in., with the dis- 
charge plotted against fuel temperature and head on orifice. (The 
futomotive Mar ifacturer, vol. 64, no. 8, Nov., 1922, pp. 7-8, 


) figs., e) 


FARMAN Aviation Moror, 600-Hp. 18-Cytinper W-Typr. In 
this motor the cylinders are 130 mm. (6.1 in.) bore by 180 mm. 
7.1 in.) stroke, located in three rows 40 deg. apart. This angle of 
10 deg. was determined with a view to having a steady torque, the 

otor giving 18 impulses in each two revolutions or 720 deg., which 
gives one power stroke for each 40 deg. 

The crankshaft has six throws. The use of a W-type motor was 
considered to be of advantage as it reduces the size of the crank- 
ease. The increase in the number of cylinders leading to a reduc- 
tion of the unit cylinder volume permits of a higher compression 
without fear of self-ignition owing to heating of the center of the 
piston. The weight of the motor with its full equipment of ignition 
carburation pumps, ete., is only about 780 kg. (1716 Ib.) for an 
eflective horsepower of about 800 at 2200 r.p.m. (The nominal 
rating of the motor is 600 hp. at 715 r.p.m.) 

The motor drives the propeller through a reducing gear weighing 
15 kg. (99 lb.). In addition to this there is a 1200-watt generator 
with a wireless-telegraph alternator weighing 34 kg. (86 lb.), and 
the total weight of the motor with all accessories including pro- 
peller hub is 920 kg. (2025 Ib.).. The cylinders are grouped in pairs 
and the compression ratio is one to six. 

lhe cylinders are made from forgings and welded together in 
pairs. Each pair has a common water jacket made of sheet steel 
and welded over the group. There are four valves per cylinder, 
these valves being made of high-nickel steel. Each valve has two 
concentric springs wound in opposite directions and each cylinder 
carries three spark-plug bosses, two side by side and the third 
180 deg. therefrom: this third boss is intended for the insertion 
of starting devices, be they explosive cartridges or compressed-air 
plugs. The article describes in some detail the design of such parts 
as crankshaft, pistons, valve gear, ignition and lubrication. In 
connection with this latter it is of interest to note that the oil 
filters are so arranged that they can be inspected while the engine 
srunning. A safety valve is provided on the oil circulation pump 
to open when the oil pressure becomes excessive. The purpose of 
this is to prevent the breaking of the oil radiator at starting in cold 
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Four Zenith carburetors 
are provided, two with single outlets and two double ones, each 


weather when the oil is very 


Viscous 


outlet feeding three cylinders. The earburetors ar d by two 
A M fuel pumps connected in parallel to each pump, being, however 
of sufficient capacity to supply fuel to all the four carburetor 
There is a device for setting these pumps in operation autom 

is soon as the electrical starter begins running, in addition to whi 
the pumps may be also started hand. As it would br 

ticable to start a motor of this s by hand, an electric st 

been provide LA 12, N y22 
343-347, 8 fig 1 


Small British Two-Stroke Cycle Marine Enging« 


; ‘TO [Two-STROKE Mari 1) 

engl t I Sudbu england 
ture e ¢ died. J ( ler diame re 2 

re and tl { Ke 1 (oy ike te a) obta 
running at 1000 r.p. whiel raised tf RS hyp t 1400 
Che engine is illustrated in Fig. 1. The pistons are ol 
illoy and are provided with two cast-iron piston rings 
ind a third one at the bottom The connecting rods are ! ce 
nickel-chrome steel and are fitted with phosphor-bronze bushes t 
receive the gudgeon pins, and with roller bearings at the big ends 
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Fic. 1 Bruntrons Two-Srroke-Cycie SMALL MARINE ENGINE 


A double-helical toothed wheel on the crankshaft, at about the 
center of its length, engages with another wheel on the lower shaft, 
for which a speed one-half of that of the crankshaft is obtained. 
The crankshaft runs in ball bearings. To prevent the air leakage 
that would otherwise take place an effective oil packing is arranged 
with the use of a phosphor-bronze casting with concentric grooves 
cut in it. The speed reduction gearing is kept completely isolated 
from the two separate crank chambers. <A positive gear pumy 
which is driven by a chain from the propeller shaft, is used to 
circulate the water required for cylinder cooling. Magneto igni- 
tion complete the equipment of what constitutes a complete power 
unit. The endeavor to produce a small two-stroke unit under 
conditions suitable for obtaining high efficiency and at the same 
time with a speed for the driving shaft which is suitable for the use 
of a reversible propeller, has engaged the attention of engineers for 


a considerable time, and this installation is not lacking in interest 
to all who have been faced by this problem. Among other 
engines described, particular attention is called to the Kelvin 
engine with single-sleeve valves built under the Burt-McCullum 
patents. The single sleeve has a motion which is a combination of 
a reciprocating vertical movement and a turning action upon the 
sleeve. Double inlet and exhaust ports register with ports leading 
through the cylinder walls, permitting entry and exhaust of the 
gases. (The Marine and Small Craft Exhibition. 
vol. 114, no. 2969, Nov. 24, 1922, p. 645, 3 figs. 
p. 644-647, 10 figs. d) 


Engine ring, 
Complete article 




























































MACHINE PARTS 
Reversing Gear for Marine Turbine 


Kpicyctic Reversinae Gear For LiunastrémM Marine Tur- 
BINES. The interest in this transmission—which is not new in 
itself—lies in the fact that it is applied on a turbine-driven steamer 
0f,2150 aggregate effective horsepower. The boat in question, the 
Pacific, which is owned in Denmark, is of 7400 tons dead weight, 
and is driven by a Ljungstrém steam turbine running at 3000 
r.p.m. and designed to operate with steam supplied at a stop-valve 
pressure of 185 lb. per sq. in. and a temperature of 662 deg. fahr. 

The Ljungstrém turbine has two intermeshed rotors turning in 
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Fia. 2 GENERAL ARRANGEMENT OF THE LJuNGSTROM Epicyciic REVERS- 


ING GEAR FOR MARINE TURBINES 


opposite directions and it is always mounted on top of its condenser. 

The general arrangement of the gearing is shown in Fig. 2, which 
represents diagrammatically a plan (partly in section) of the turbine 
first transmission shaft, reverse gear, the second reduction gear, 
and the thrust bearing. Each rotor shaft carries a pinion which 
































Fic. 3 DetrarLep View or Turust BEARINGS AND LUBRICATION IN 
LyunestrOm Epicyciic Reversinc GEAR FOR MARINE TURBINES 


drives a double-helical gear wheel on the first transmission shaft. 
As the two rotors turn in opposite direction an idler (not shown) 
is interposed between the rotor pinion and the gear wheel. In 
this first stage the speed is reduced from 3000 r.p.m. to 540 r.p.m., 
which is further reduced to 70 r.p.m. in the second reduction stage 
shown to the right of the reverse gear. 

The details of this reverse gear are illustrated in the original 
article, which also contains several diagrams together with a de- 
tailed description of the operation of the gear. 

The oil for lubrication purposes enters at the port k, shown on 
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the left, and as it escapes is collected in the fixed housing and 
conveyed away for filtration, after which it is again circulated 
through the system. The wheels a and d are clearly shown to the 
left of Fig. 3, and as will be seen, a ball thrust bearing is interposed 
between the opposing ends of the two shafts. This bearing has, 
it will be seen, an elastic seating on the left-hand side, which con- 
sists of a slightly dished steel ring similar to a component of a 
Belleville spring. Similar elastic cushions, it will be noted, are 
provided at each end of the outer multiple plate clutch. The 
planet pinions are mounted on hollow steel studs as shown at l 
Fig. 3. 
ing is supplied with oil under pressure through the ports shown 
to the right. Of each pair of pinions, one has teeth covering half 
its length only, as is best seen near the bottom of Fig. 3. This 

] 


toothed portion gears with the wheel a and with its fellow-pinion 


They are themselves lined with white metal, and the bear- 


> 


which, as shown at the top of Fig. 3, 
its full length and gears with the wheel d. 


has teeth extending over 


It will be seen that with this arrangement for reversing there 
is no necessity for stopping the turbine when maneuvring, and the 
g of the 


ears are so well lubricated that even continuous slippin 
clu 


is made by which in maneuvering the turbine speed is automat- 


tches causes little rise of temperature. Nevertheless provision 
ically reduced to 50 per cent of its normal value; the maneuvering 
wheel is fitted near the stop valve and is coupled up to the steam 
regulating valves so that during a change over the steam is partially 
shut off. A diagram showing the alterations in the turbine and 
propeller speeds during a change over shows that the maximum 
temperature rise did not exceed 20 deg. cent. 

The T. 8S. Pacific has been twice to Australia, and has since 
returned to Denmark from a voyage to Honolulu. The reports 
from the owners are highly satisfactory. The total consumption 
of coal per day has been on an average 23 tons for all purposes with 
the turbines developing about 2300 i.hp., or 0.92 lb. of coal per 
i.hp. per hour. Average bunker coals were used, and the per- 
centage of ash was on an average 16'/» per cent. 
oil the consumption has been 16 tons per day. 

A second vessel, the 7. S. Stal, has also been fitted with a turbine 
of the same type developing 1350 i.hp. In this case the reverse 
gear is placed abaft the main-gear casing in order to increase its 
accessibility. (Engineering, vol. 114, ho. 2971, Dee S, 
699-703, 24 figs., dA) 


When burning 
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MACHINE SHOP 
Hob Making and Special Cutter-Grinding Machinery 


Srmmons Metuop or Hop MAKING, Charles O. Herb. In the 
Simmons method a standard worm thread is first milled on the 
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Fic. 4 GeNneRATING AND Reuievine Hos Tees By Empioyine A Revoly- 
ING CUTTER AND A STANDARD RELIEVING ATTACHMENT 
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hob in a thread-milling machine by means of a straight-sided 
formed milling cutter. After heat treating this preliminary thread 
is ‘‘generated” to the true tooth form in the relieving lathe by the 
action of a rotating cutter somewhat similar to that employed on 
the Fellows gear shaper. Secause of the action of the cutter the 
teeth are of the true involute form and mesh with standard gears of 
the same diametral pitch. The front face of the cutter teeth has a 
rake of about five degrees. 

The two operations ol particular interest in this process are the 
relieving operation which is performed in a lathe which, in addition 
to the standard relieving attachment, is equipped with a special 
attachment mounted on the carriage, and the grinding of the cutter 
teeth done in a machine designed for this purpose. The special at- 
tachment used in performing the relieving operation (Fig. 4 


consists 


of the 


i 


essentially of a cutter head A mounted on a special cross-slide 


lathe and a unit attachment to the front of the carriage for trans- 


mitting the rotary motion to the Power is delivered to 
this unit by means of a gear on the headstock spindle directly in 
back of the fac } late which meshes with idler gear H on bracket B. 
This idler gear, i 


cutter. 


turn, drives a gear A on the forward end of the 


lso designated by the letter C in I ig. 5. 


large screw C, which is a 

From this screw power is transmitted through worm wheel D 
and sliding shaft EF. At the cutter-head end of the sliding shaft is 
an integral bevel gear which meshes with a second bevel gear on 
the lower end of cutter shaft FP. By designing shaft EF to slide 
through worm wheel D the cutter may be moved toward the work 


at the same time that the carriage is operated along the Ways Ol the 
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UNrr OF THE SpEcIAL GENERATING ATTACHMENT 


bed, either by hand or by means of the feeding mechanism. The 
ar at the end of screw C is chosen to suit the cutter and has two 
nd one-half times as many teeth as are in the cutter. 

After the cutter has been set properly relative to the hob teeth 

d gashes, and the dog on one end of the work arbor has been 
clamped to the faceplate to eliminate lost motion, if the cutter is 
ved away from the work, along the bed, and then forward to- 
ird the work again, its teeth will always properly engage the 
ices between the hob teeth. This is certain, because the rotation 
the cutter and the rotation of the hob are always correlated. 
When the carriage is moved along the bed, the cutter rotates faster 
in when the carriage is stationary, due to the rolling of worm 
wheel D on screw C. 

‘he cutter for producing gear hobs is inclined so that as each 
tooth engages the work, the face is in a plane at right angles to the 
helix of the hob thread. The hob teeth are therefore “generated” 
rather than “formed.” The cutters are made from forged disks. 
These disks are rough-drilled, rough-faced on both sides and rough- 
turned in a lathe, given an annealing and then permitted to season. 
The next step consists of finish-boring, finish-facing both sides, and 
finish-turning the peripheral surfaces to the required angles. 

lhe cutter disks then undergo several machining and grinding 
Operations, of which the most interesting is that of grinding the 
tooth profiles. For this purpose a special machine described in the 
original article is used. (Machinery, vol. 29, no. 4, Dec., 1922, pp. 
255-260, 11 figs. d) 
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MARINE ENGINEERING (See also Machine Parts 


It is stated that several ship 
owners are removing geared turbines and replacins 


DiscaARDING GEARED TURBINES. 

x them by re- 

ciprocating engines. Two American-built steamers, the W 
and Sylvia Victoria, which wer 
are in the hands of a ¢ ‘lyde 
triple-expansion reciprocating engines. 
said to be showing a di 


ldomina 
fitted with geared-turbine machine ry 
firm which is substituting for it ordinary 
Other ship owners are 


position to revert Tf reciprocating ngines 


mx ¢ i 


for their new vessel The 11,300-ton steamer Port Hardy, for 
the Commonwealth and Dominion Line, recently launched, is to 
be fitted with twin-serew triple-expansion machinery developing 
00 ip. It iid that the Port Ha had 1 y be designed 
for geared turbines, but there had been a great deal of trouble with 
the double-reduction-geared turbines and as the line already had 
seven vessels with turbines they preferred not to continue with 
that tvpe of engi intil thev had gained a lit more exper! ¢ 
Quite possibly they would return to that type at a later date. The 
last ship, the Port Hunter, had run trials on turbine engines which 
had proved to be among the smoothest they had giving great 
hopes for the future Practical Engine 66,1 1866, 


i 
30, 1922, p. 344, g 
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New Type or Open-HeEArtai | 
Loftus furnace, a producer-gas furnace 
is discharged from a restricted nozzle into a mixing chamber serving 


RNACI Description of the 


wherein the producer gas 


to induce the necessary air for combustion. A booster supply of 


regenerated air is withdrawn from the r chamber, 
umber drive n | Va variable-speed motor 
and introduced into the center of the stream of gas in the direction 
The pressure and volume of this 
booster supply of regenerated air may be governed by the control 


generative 


passed through a special ch: 
of its flow through the furnace. 


of the variable-speed motor, in this w iV giving the operator control 
over the flame. With such a furnace construction more efficient 
combustion is obtained, as shown by the actual operation through 
the mixing of the air with the gas in the hot mixing chamber. The 
air and gas enter an extremely hot mixing chamber in the form of an 
outer envelope of air completely surrounding an annular ring 
of gas containing an inner core of air which is calculated to pre duce 
an extremely intimate mixture. This mixture is discharged from 
the mixing chamber in the form of a flame having practically no 
stratification and with the utmost compactness and continuity of 
construction. The operator can control the flame by regulating 
the pressure and flame of the booster supply of regenerated air. If 
he wishes he may melt down a charge with a short hot flame and 
refine with a long mellow flame which completely covers the bath 
without extending through the outgoing channels. 

The original article describes and illustrates the furnace in some 
detail. Such a furnace has been operating on producer gas at the 
Ohio Works of the Sharon Steel Hook Co., Lowellville, Ohio, 
since June 8, 1922. While the charging conditions were not ideal 
the furnace is said to have produced an average of approximately 
30 per cent more steel than the other furnaces in the plant on 
approximately 30 per cent less coal per ton of ingots. The furnace, 
up to December, 1922, has given more than 300 heats and from all 
indications it is believed it will run about 400 heats or more, making 
an increase of about 50 per cent in its usual life. The repairs 
have been almost negligible as it has been possible to get almost 
100 heats from back and front walls and approximately 80 heats 
off the gooseneck. (The Iron Age, vol. 110, no. 26, Dee. 28, 1922, 
pp. 1677-1679, 5 figs., d) 


Incot CoRNER SEGREGATION IN A NICKEL-CHROME STEEL, T. 
Henry Turner. In investigating by means of sulphur prints an 
octagonal chrome-nickel steel forging the author discovered the 
presence of planes of segregation. Such planes were found at the 
angular portions of the ingot and represent the meeting of crystals 
which have grown from the cooling faces into the still liquid metal. 
The author believes that such forgings should be rejected even 
though the mass of the material may possess good chemical and 
mechanical properties, as the defects, consisting in planes of segre- 
gation, entirely negative these good properties and make the forg- 
ing as a whole treacherous and unreliable in the extreme. 
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The author makes the following recommendations: 

1 That the bell-shaped cylinder design should never be used 
unless the supplier can guarantee— 

a Absence of planes of segregation in the material 
b Adequate working during the forging operations. 

2 That in cases where the supplier cannot guarantee adequate 
working of the material during forging (owing to the nature of the 
design and the limitations imposed upon his work by the nature of 
his available tools), a composite ring made up of two or more rings, 
which can be manufactured by a satisfactory forging or rolling, 
would probably prove more reliable. 

3 That the final rolling of such rings is to be preferred to forging 
them throughout, in that it would tend to produce greater uniform- 
ity of dimensions in the rough, and therefore economy in machin- 
ing.. Also it should produce a better and more uniform internal 
structure and greater uniformity of mechanical properties. 

4 That in the case of all large forgings which will be subjected 
to appreciable circumferential loading, the supplier should be asked 
to face up both ends of the block of steel before forging is com- 
menced. Sulphur prints should then be taken and forging only 
proceeded with after these have been passed as satisfactory. Such 
an operation would, of course, be costly, but it would only be ad- 
visable when appreciable hoop stresses are expected. 

5 That in cases where the steel maker considers recommenda- 
tion No. 4 impracticable, the elimination of ingot corner segrega- 
tion may be achieved by forging down octagonally and machining 
off the corners which would still contain the segregation. This sug- 
gestion is perhaps the most useful and that most likely of successful 
adoption. 

6 That the centrifugal casting of steel for such large cylinders 
or rings, and even for large turbo-generators rotors, is feasible and 
worthy of serious consideration. (Engineering, vol. 114, no. 2969, 
Nov. 24, 1922, pp. 662-664, 9 figs. Compare also abstract in 
Iron Trade Review, vol. 71, no. 25, Dec. 21, 1922, pp. 1695-1700, 
5 figs. dA) 


MOTOR-CAR ENGINEERING 


CHEVROLET CoppEeR-CooLep Car, J. Edward Schipper. De- 
scription of an air-cooled car the particular feature of which is that 
it employs copper fins electrically welded to cast-iron cylinders. 

To manufacture the copper-cooled engine it has been necessary 
to develop machinery to form the copper ribs, and apparatus to 
handle commercially the electric welding of the formed ribs to 
the cylinders. The copper fins are made in a special machine 
which takes the sheet copper and forms it into the proper shape, 
reducing the depth of the fins or loops at points where clearance 
for the valve push rods and adjacent cylinders is required. The 
copper is so formed that the loops are closed at points adjacent to 
the cylinder barrel, and in such a way that a continuous band of 
copper is in contact with the outer wall of the cylinder, which latter 
is machined both inside and out. 

The cylinders are manufactured singly but are assembled in 
pairs. Between the cylinders in each pair, which are closely ad- 
jacent to one another, the fins are graduated in size so that there 
is no interference. 

The cooling is by air forced through and around the fins and over 
the cylinder heads by a centrifugal blower made largely from 
sheet aluminum alloy. This blower is in front of the engine and is 
driven by a special form of V-belt from a pulley on the crankshaft. 
Air enters at the bottom of the fins around the cylinders. A light 
steel stamping forms a tubular draft tube which fits closely around 
the cylinders so that air can enter the fan only by passing upward 
through and around the copper fins and through the space above 
the cylinders. The V-belt employed has a woven-cord construction 
on its neutral axis and a durable elastic material on either side of the 
neutral axis permitting of the flexing necessary for the drive. The 
drive for the fan is triangular, the belt passing around the crank- 
shaft fan and generator pulleys. Adjustment for the tension of 
the belt is secured by swinging the generator, which is mounted 
on the left side of the engine. The engine, it may be noted, is 
the first “square’”’ one to be placed on the market for some time, 
both bore and stroke being 3'/, in. With a compression ratio of 
four to one it develops a maximum brake horsepower of 72 at 750 
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r.p.m. (Automotive Industries, vol. 17. no. 26, Dee. 2s. 
pp. 1259-1265, illustrated, d) 


»”» 
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PHYSICS 


TEMPERATURES AT Wuicu PuystcaL CHances Occur, Henry 
1). Hibbard, Mem. Am.Soe.M E. A list of some of the t mper- 
atures relating in one way or another to the production and heat 
treatment of steel and to the fusibility of steel and of its components. 
Of these the following, all belonging to the higher ranges, are of 


interest: 


Degrees Degrees 

lremperature Temperature 

Cent. Fahr Cent. Fahr 

1750 3182 Pure silica melts 22290 4028S Carborundum decom 
poses wit} melt- 

ss ing 

1755 3191 Platinum melts 2450 4442 Iron boi 

1795 =63263)=6Titanium melts 2500 4532 Zirconium oxide melts 

1820 3308 Bauxite melts 2550 4622 Molybdenum melts 

1900 3452 Manganese boils 2572 1662 Lime (CaQ) melts 

2050 3722 Chromite bricks melt 2750 4982 Vanadium carbide 
melts 

Pure alumina melts 2800 5072 Magnesia (Mg) melts 
2059 3738 Chromic oxide (CreO; 3176 5750 Tungsten melts 
melts 

2165 3929 Magnesia brick belts 3600 6512 Molybdenum boils 

2180 3956 Chromite melts 3700 6692 Carbon is vaporized 

2200 3992 Chromium boils 5200 9392 Tungsten is vaporized 


Silicon boils 

Aluminum boils 

Graphite made from amor 
phous earbon (2200 to 
2400 deg.) 


An interesting discussion is also submitted as to the proper defini- 
tion of the melting point of a substance and the temperatures neat 
the melting point which bear some relation to it. 
are practically useful and some have only a scientific value. 
are: 

1 The temperature at which the substance sinters, as a clay. 
This is useful. It is below the fusion point, No. 4. 

2 The highest temperature at which a vessel made of the sub- 
stance can be used. Instance a porcelain crucible. This is useful 
It is lower than No. 1. 

3 The temperature at which it softens in any degree which, 
as in a firebrick, limits its usefulness. This is useful. It is lower 
than the fusion point, No. 4. 

4 The temperature at which its edges are rounded. This is 
often called the fusion point and is generally the one given in the 
table. It has only a scientific value. 

5 The temperature at which it becomes fluid. Instance a slag 
This is interesting, but taken alone is not useful. It is above No. 4 

6 The lowest temperature at which it may be handled molte 
in practice, as a slag or metal in a metallurgical operation. Thi 
is useful. The temperature may be 50 or 100 deg. cent. (90 to 180 
deg. fahr.) above No. 5 as the substance leaves the furnace (77) 
Tron Age, vol. 110, no. 23, Dee. 7, 1922, pp. 1492-1493, g 


Some of these 


These 


POWER-PLANT ENGINEERING (See also Engineer- 
ing Materials; Fuels and Firing) 


Boiler-Tube Failures 


Borter-Tuse Far_ures, Haylett O’Neil. The author cla 
that in a modern boiler plant, well designed and well operated, 
that is, where the boiler is clean and proper internal circulation is 
maintained, boiler-tube failures are infrequent. There may oc: 
however, conditions under which boiler tubes fail, and he deseriles 
one such case which gave considerable trouble. 

In general, boiler tubes may fail where there is a condition pro- 
ducing sufficient unevenness of temperature to cause rates of eX- 
pansion in adjacent parts of a tube varied enough to strain the 
metal. In a case described by the author it was found that little 
trouble was experienced from boiler-tube failures in the spring and 
summer, but the tubes would fail rapidly in the late fall and winter. 
An investigation showed that excessive scale was deposited from 
water during these two latter periods, no water softening being 
used. Furthermore, during the dry season feedwater was drawn 
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from a spring in which the water was charged heavily with bicarbo- 
nate of lime. Careful records presented in the form of curves in 
the original article show a clear relation between the use of spring 
water and tube failure. Scale deposited on the tubes would give 
a uniform heat insulation, therefore, blisters would not occur, but 
the tubes cracked square off at the front end in nearly all cases. 

In the ordinary vertically baffled boiler the author has noticed 
that under similar scale conditions the tube generally bows down. 
This indicates that the under side of the tube has been heated hotter 
than the upper, which is reasonable with this arrangement of baffl- 
ing, and hence has bulged toward the fire. 

In a clean boiler the temperature of the metal is practically equal to 
that of the adjacent water, but scale insulates the metal of the tube 
from the water. In that case the hotter the gas is the hotter will 
be the metal, irrespective of the water temperatur How, then 
does the top ol the tube get hotter than the bottom? The answe1 
in one case proved to be that the T-tile kept the top of the tube hot 
during both normal operation and part of the 
The temperature of 
to 2500 deg. fahr. 


cleaning periods 
this tile according to the pyrometer was close 
The lower part of the tube was surrounded by 
furnace gas which fluctuated between 2500 deg. during firing condi- 
tions and about 1200 deg. during cleaning periods. Inasmuch as 
during a cleaning period the front doors had to be open, temperature 
variations could not be eliminated. 

On account of the heat conductivity of the iron it would naturally 
be impossible to maintain for any considerable time a temperature 
difference between the top and bottom of the tube, but calculations 
have been made by the author indicating that only a few hundred 
degrees difference is required to curve an 18-ft. tube as much as 
} in. out of line. 
tirely feasible. 

What actually happened is this: At first a tube would be humped 
ipward slightly during a cleaning period and restraightened after- 


Such a temperature difference seems to be en- 


ward as soon as the bottom could be expanded under the influence 
f the furnace temperature. lvery time cleaning or banking took 
‘lace the expansion and contraction cycle was repeated. There- 
re the tube was subjected to repeated bending upward and down- 
ard several times a day... The strains were concentrated at the 
ibe sheet, where finally the tube became brittle and lost its tensile 
trength. Finally, the tube would be strained beyond its elastic 
nit and take on a permanent set. When the boiler was cooled 
r cleaning the temperature Was reduced nearly to room tempera- 
ture, causing extreme tension in the tube due to contraction, and 
tube would break. 
lhe final solution of the trouble came in the regular adding to 
e boiler water of an internal treatment, the base of which was 
caustic soda. A given quantity of this was pumped into each 
boiler at regular intervals, and twice each week boiler waters were 
rated for soda concentration. By keeping the soda concentra- 
under 40 grains per gallon, excellent results were obtained. 
\fter a run of from 60 to 90 days on spring water only a thin film 
of seale was formed, and there was no foaming. 
finally replaced entirely. 


The T-tile were 


\ctual records of tube replacements have shown that this manner 
of handling the trouble was correct, and certainly no steam-power 
plant is even approximately safe unless the boilers are kept clean 
religiously. (Power, vol. 56, no. 23, Dec. 5, 1922, pp. 876-878, 
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Tests oF A MaGazine-Feep BoILer with SpeciAL Metuop 
OF SUPPLYING SeconpAry Arr, John Blizard, J. Neil, and A. 
Pincus. Data of steaming tests carried out by the Fuel Section 
of the U. 8S. Bureau of Mines at the request of the American Society 
of Heating and Ventilating Engineers on a magazine-feed boiler 
provided with special method of supplying secondary air to de- 
termine its thermal efficiency and other important factors when 
fired with various fuels. 

It was also found that coke, anthracite, lignite char, and various 
bituminous coals could be burned with little poking and other 
attention to the fuel on the grate or in the magazine except when 
cleaning the fire or charging fuel, but that caking Pittsburgh coal 
was unsuited to this boiler since it had to be poked frequently to 
Dreak up an arch which formed near the top of the grate. 

The outstanding results of the tests were: That the method of 


MECHANICAL ENGINEERING 7 


=f 
admitting secondary air supply over the fuel bed permitted the 
combustible gases rising from the coke fuel bed to be burned 
that only 29 to 58 per cent excess air remained after combustion 


i 


those from anthracite with only 35 to 62 per cent exces iir, those 
from Illinois coal with 61 per cent excess air, and those from Col- 
orado coal with only 23 per cent excess air. With all of these fuels 
the carbon monoxide left in the gas represented only about 1 per 
cent or le ss ol the he it of the | 1e] There lore, for these | ie] the 
methods of admitting secondary air was good. On the other hand 
the carbon monoxide remaining in the gas when burning Pitts- 
burgh coal with 35 per cent « ur represented 7 per cent of the 
heat energy of the coal, and the unscreened lignite char was burned 
with 221 per cent excess air, which was reduced in the trial with 
the screened char to 94 per cent 

The thermal efficiency with coke was highest when operating 
at about 90 per cent ol the maker’s rating: at this rating the effi- 
clency was 76 per cent, and dropped to 67 per cent and 70 per cent 
when operating at 123 and 35 per cent rating, respectively 

Data have also been obtained for other kinds of coal, such a 


stove and chestnut-size anthracite, briquets, and Pittsburgh c 


\n interesting series of supplementary investigations were a 
rried o1 


carried on and temperatures above the fuel bed and in one of th 


tral flues were measured; likewise temperatures in the flu 


the first and second pass 
Among other things, it would appear that at the highest rat 
ming and the lowest rate but one, the furnace temperatur¢ 


with coke and at 


th 


ithracite are approximately the same, while at 
he highest rate but one the temperature was higher with anthracite 
than with coke by 150 deg. fahr. and at the lowest rating the an- 
thracite lurnace temperature was 350 deg. fahr. lowe 


Data for other temperatures are given in the original article. 


J Lone in Society of Heat ng and Ve ntilatina KE) 7neer 
vol. 28, no. 9, Dee., 1922. pp. 833-842, 5 figs., « 
MLectTric Drive IN A SuGAR-MANUFACTURING PLANT, Roger 


B. Stevens 


Description of the layout of electrical equipment of 
the recently completed Baltimore plant of the American Sugar 
the particular feature of which is that practically 
the entire drive is effected by m 


fefining Cs 


ins of direct-current motors. 

There were several conditions which decided in favor of direct 
current. In the first place the sugar refinery consists of a number 
of closely grouped buildings with the transmitting distances short 
and the loads closely concentrated, which make transmission losses 
small Furthermore, the conditions of sugar-refinery work are 
somewhat peculiar. The process from start to finish is continuous. 
Moreover, the materials are carried at a fairly high temperature 
and even a small delay leading to loss 


of heat produces stiffening 
of the material. 


power required to start a 
given machine may be from five to ten times that required for 
operation after the running condition has been established. Nearly 
all of the refining processes are interdependent and continuous, 
so that unless large and expensive storage facilities between the 


Because of this the 


various stages are available the several elements of machinery 
must be capable of close adjustment in speed. Furthermore, in 
the case of more than 80 per cent of the total horsepower required, 
either a speed adjustment was absolutely necessary or a very dis- 
tinct advantage was to be gained by providing such adjustment. 

In alternating-current machinery only the slip-ring motor with 
resistance is capable of an extensive range of speed variation, but 
it is then only the equivalent of a series-wound direct-current motor 
and has the disadvantages of moving contacts and vulnerable 
brush rings. The direct-current motor, on the contrary, is capable 
of good starting torque and adjustable speed, though it is slightly 
higher in the first cost. Furthermore, with the close grouping of 
the loads the comparatively low (230) voltage of the direct-current 
made the total cost of the distributing system lower than would 
have been the case with alternating current. This is principally 
because a large number of motors could be grouped on single feeders 
to take advantage of the low diversity factor thus obtainable. 

The article describes in detail the installations used and the 
electrical distribution system. (Factors in Industrial Plant Dis- 
tribution. Electrical World, vol. 80, no. 24, Dec. 9, 1922, pp. 
259-1262, 5 figs., d. Compare also editorial entitled, An Un- 
usual Case in Industrial Power Design, same issue, p. 1254) 
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EXPLODING AN Oup-Time Borer Fauiacy, W. B. Roberts. 
Data of tests to show the fallacy of the belief that cold water sprayed 
upon a red-hot boiler plate instantly generates an uncontrollable 
volume of steam. 

The article is based on tests carried out under the auspices of 
the Manchester Steam Users’ Association on an ordinary Lan- 
cashire boiler 7 ft. 0 in. diameter and 27 ft. 9 in. long, shell plates 
7/;¢ in. thick and head plates °/;, in. thick. A number of precau- 
tions were taken to protect observers from the consequences of the 
expected explosion and, at the same time, permit them to take 
the necessary observations. The tests were carried out in such a 
manner that at 6.30 p.m. there was 25 lb. of steam pressure showing 
and the safety valves began to blow. At the same time the blow- 
off top was opened full bore, there being 9'/2 in. of water covering 
the crown of the furnaces. Within about an hour the level of 
water was brought to 35/s in. below the crown of the furnace, this 
latter laying bare and exposing a strip of plating 21 in. wide at a 
temperature of about 700 deg. fahr. with a pressure of 28'/2 lb. on 
boiler, and the safety valve blowing freely. The feedwater having 
a temperature of 60 deg. fahr. was then turned on, sprayed directly 
on the red-hot plates with a rate of injection a little more than 
4'/. cu. ft. per min. Showering the feedwater at a temperature 
of 60 deg. fahr. on a red-hot furnace crown was not attended by an 
increase of pressure. On the contrary, the pressure at once began 
to fall and in 2'/» min. had fallen from 28'/» lb. to 26 lb. 

Upon looking into the furnaces the ring seams of the “urnace 
tubes were found to be leaking freely. The overlaps of the first 
seven ring seams in each furnace were sprung at the crown, but 
the shape of the furnace tubes was practically unaltered except 
that the right-hand tube was slightly bulged in three places. 

Other slight consequences of overheating were observable. The 
main thing, however, which the tests have shown is that spraying 
fairly cold water on red-hot plates and furnaces did not lead to the 
ripping of the plates circumferentially or longitudinally, and did 
not cause any increase of pressure due to a violent and sudden 
generation of steam. (Power House, vol. 15, no. 24, Dee. 20, 
1922, pp. 19-21, 5 figs., eA) 


Discussion OF VAPOR REFRIGERATING CONDENSERS FOR STEAM 
Tursines, F. C. Evans. One of the means of bettering the econ- 
omy of the steam turbine is to reduce the back pressure. At the 
present time the back pressure employed is limited to around 1 in. 
of mercury absolute, corresponding to a temperature of the exhaust 
steam of about 79 deg. fahr. This limit has been reached with 
water as the condensing medium, and the author questions whether 
better results could not be obtained by substituting the cooling 
coils of a refrigerating system for the condensing-water tubes of 
the ordinary surface condenser, so as to reduce the temperature 
of the exhaust steam to about 35 deg. fahr. 

For purposes of discussion the author considers a plant where 
steam is available from the boilers at 200 Ib. per sq. in. absolute 
pressure and 200 deg. superheat, and ample condensing water at 
a temperature of 60 deg. fahr. but which must be raised 20 ft. 
He shows that under these conditions the available energy in the 
steam is 413 B.t.u. per lb. of steam less 1.5 B.t.u. required to handle 
the water, which gives a net energy for sale of 411.5 B.t.u. per Ib. 
of steam. 

When a vapor refrigerating condenser has been substituted for 
a water condenser, the available energy in the steam operating 
with the back pressure of 0.205 in. is 486 B.t.u. per lb. But the author 
shows that the refrigerating system consumes 90 B.t.u., thus giving 
as a final result 396 B.t.u. of energy available for sale per pound of 
steam, which is less than when a water condenser is used. 

As a result of this analysis it appears that at the present time 
steps 0 increase the economy of the steam turbine must be taken 
in another direction. What this direction may be one cannot say, 
but it seems impossible to reduce the back pressure of the turbine 
economically by the use of a vapor refrigerating condenser. (The 
Sibley Journal of Engineering, vol. 36, no. 9, Dec., 1922, pp. 175- 
177 and 187, 3 figs., tg) 


Steam and Steam Boilers 


STEAM AND STEAM Boiters. An editorial based on Mr. C, E. 
Stromeyer’s report to the Manchester Steam Users’ Association. 
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Among other things the report includes a partial description of 
some interesting experiments on the strength of very old boilers. 
Of these one was obtained from Messrs. Pilkington and had been 
constructed some sixty years ago. The other, supplied by the 
Metropolitan Water Board, was of somewhat similar date. The 
experiments are still incomplete, but they indicate pretty conclu- 
sively that the material of the shell plates has not deteriorated with 
time, and that injuries and cracks caused by the punching of the 
plates had not apparently extended during the very long life of the 
boilers. Specimens of the material tested showed somewhat erratic 
results, but it is probable that this was characteristic of the iron 
made at the period in question. The range of tensile strength was 
from 17 tons to 25 tons per sq. in. In many of the seams, cracks 
due to punching extended over several rivet holes, but these do not 
appear to have had any worse effect than that of reducing the net 
section of the metal. These observations seem to indicate that 
factors of safety might reasonably be reduced now in view of the 
uniformity of the material supplied, the great care exercised in its 
manufacture and the prevalent practice of drilling all rivet holes 

During a hydraulic test one of the boiler shells “barreled” as 
first described by Mr. J. C. Spence in a paper read before the 
North-East Coast Institution of Engineers and Shipbuilders in 
1891. On making measurements on a model boiler tested to 
destruction Mr. Spence found that the shell stretched less at mid- 
length than it did at a certain short distance from the end plates. 
The observation was novel at the time, and the @irious bulges in 
question received the name of “Spence humps.”’ 

Mr. Stromeyer states that it has generally been thought that the 
effect of the end plates was to relieve the circumferential stress. 
This may well be true, but there is no excuse for such misunder- 
standing for, in the discussion of Mr. Spence’s experiments, which 
appeared in Engineering, Apr. 27, 1891, p. 468, it was shown that 
save in the case of extremely short boilers the effect of the ends 
was to cause a local increase of the circumferential stress. This 
was very clearly brought out in Mr. Spence’s experiments, and was 
fully confirmed by the mathematical theory developed in a paper 
by Mr. (afterwards Professor) J. T. Nicolson, read at the same 
time as that of Mr. Spence. The subject was very fully discussed 
in Engineering, both editorially and in its correspondence columns, 
and that the other view should, as Mr. Stromeyer states, still be 
prevalent is not creditable to boiler designers and constructors. 

In another section of his report, Mr. Stromeyer suggests that very 
slow alternations of stress are more serious than rapid ones. It 
appears quite possible that in the case of exceedingly rapid repeti 
tions of stress the metal may fail to take the full deformation theo 
retically due to the load, since, with all materials, when a load i 
first applied the full strain is not simultaneously achieved. Ther 
is always some “after creep” and it is thus quite possible that th 
metal is less severely tried by very rapidly alternating stresses thar 
by slowly applied ones. The general view has, however, bec: 
that at any ordinary rates of alteration the fatigue limit of ou 
structural materials is independent of the rate of repetition. M 
Stromeyer’s view is, however, that the very slow rate of chang: 
of stress to which a boiler is subjected, makes these much m« 
injurious than if the variations were more rapid. This is contra: 
to the common belief and does not seem altogether consistent with 
the fact that slightly overstrained metal in time recovers its elast 
properties. In support of his theory, Mr. Stromeyer instances t 
grooving found at the roots of the flanges of dished ends, | 
grooving is only indirectly connected with the stress on the met 
as it is primarily an oxidation process, facilitated by the differen: 
of E.M.F. which arise between strained and unstrained met 
It seems to us questionable, therefore, whether fatigue in the usual 
understanding of the term is involved in the matter any more than 
it was in the extraordinary failures of the high-tension bronzes 
adopted for the Catskill aqueduct. (Engineering, vol. 114, 
2973, Dec. 22, 1922, pp. 775-776, g) 
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Recent TENDENCIES IN British Locomorive Practice. 
C. Poultney. Beginning of a series in which it is proposed to 
describe a number of typical recent locomotives built for service 
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on British railways which indicate the tendencies of modern prac- 
tice. 

Perhaps one of the most striking features is the use made of 
either three or four cylinders, with the three-cylinder arrangement 
rapidly gaining favor. (The ordinary British type of locomotive 
has two inside cylinders.) 

Steam pressures have undergone some changes during recent 
years. Previous to the general introduction of flue-tube super- 
heaters, boiler pressures ranged from about 170 to 200 Ib. With 
the advent of superheating there was a general tendency to reduce 
pressures to about 160 lb. and increase the cylinder volume. The 
practice is now toward the higher pressures, and those of 180 to 
200 lb. are considered necessary, while cylinder volumes are con- 
tinually increased to furnish the necessary power; in fact, it is 
largely the greater cylinder capacity now required that has 
prompted the introduction of three- and four-cylinder locomotives. 

Locomotives now built for main-line working are practically 
all fitted with flue-tube superheaters, and older engines when re- 
quiring extensive repairs and renewals, or to be rebuilt, are as a 
rule superheated ; and when this course is adopted it is usual to 
fit new cylinders with piston valves. While the type ol superheater 
used is in all instances the same, there are in some cases consid- 
erable differences in details. This applies more especially to the 
design of the headers. 

Damp r gear has been discarded now by all railways. Auto- 
matic air valves are quite often fitted to the steam chests and some- 
times on the header (the wet-steam side). Cylinder by-pass valves 
are not generally used, neither are pyrometers. 

From this the author proceeds to describe some of the new loco- 
motives, and in connection with the Great Central 4-6-0 type 
deseribes and illustrates the Robinson piston and pressure-relief 

ilve. 

\n interesting fitting used on the Great Central is what is called 

Intensifore lubricator which works in much the same manner 

i hydraulic intensifier. Briefly, the arrangement consists of 
ontainer filled with oil upon which pressure is applied by means 
steam acting as a plunger. Oil is led from the lubricator by 
iitable piping to distributors mounted on the footplate, usually 
the back head of the boiler. The distributors consist of sight- 

(d glasses fitted with suitable controls, from which the oil is led 

the valves, pistons, and also to the driving boxes 

Che three-cylinder fast freight engines of the North Eastern 

next described and in this connection data are given of some 
ls made with a 0-S-0 type engine. 

Che Caledonian locomotive is one of the most powerful 4-6-0 

built for express passenger service. The engine has three 

inders which are all in line and drive on separate axles. The 
uter cylinder drives the leading wheels through a crank axle, 
| those outside the center coupled wheels through connecting 

11 ft. long as against 6 ft. 6 in. long for the inside rod. 
™ veral other types are described, among them being a three- 
inder type built for the Great Northern. Here all three cylinders 

e on to the center axle and a peculiar valve gear is employed, 
valves being of the piston type. There are three of them with 
de admission which are operated by two sets of Walschaerts 
ir applied to the outside motion. (First of a series. Railway 
hanical Engineer, vol. 96, no. 12, Dee., 1922, pp. 677-682, 7 


st) 
i 


rrECT ON Ton-MiLe Cost or Repuctne Train Loaps. Data 
tests carried out for the U. 8. Railroad Administration on the 
nois Central, from which it would appear that the greatest 
nomy is obtained with full-tonnage freight trains. 

Che original article describes the method employed in carrying 
it the tests and gives in tabular form some of the results obtained. 
Because of lack of space only some of the conclusions can be re- 
ported here, as follows: 

| There is no general agreement as to the percentage of tonnage 
rating which will bring the lowest cost. In the majority of cases 
this is effected by a load of 100 per cent, but in others the most 
economical load (considering the cost in one direction only) is 
about 85 per cent. Each division is governed by its own operating 
characteristics and no general law appears in the results obtained 
in this study. 


i 


r 
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2 The cost per ton-mile decreases as the gross carload increases, 


due probably to the lower train resistance per gross ton. 

3 The cost per ton-mile increased with the delay on the road. 

The practical application to that road of the facts developed by 
the tests is summarized by the following general conclusions in the 
report of the Federal manager of the Illinois Central: 

1 It is not practicable to reduce the train load to avoid over- 
time because of the increased cost incident to the operation of the 
necessary additional trains in the direction of heavy traffic to handle 
the same tonnage and in the direction of light traffic to | 


{ valance 
power, 


2 To a large extent the cost of handling the most economical 


train load includes considerable overtime. 

3 Increased cost resulting from overtime, like any other wage 
increase, must be met by increasing facilities instead of by reducing 
train load. This reduction, in a good many districts, would add 
train units in excess of present capacity. Railway Age, v Le 
no. 25, Dee. 16, 1922, pp. 1145-1148, ep 


ZEITLER SELF-CONTAINED GASOLINE Motor Truck For Raltr.- 
way-Car Boptes. In this car the truck conforms to a standard 


railway truck, the frames being cast steel and the engine crankcase 
forming the hollow bolster. The transmission is hung directly 
beneath the engine and forms almost an integral part ot it. The 
engine is a four- or six-cylinder horizontal or forced type. The 
pistons are of the truck types carried in sleeves that act as cross- 
heads and take the wear off the cy linder walls. 

The control system is of the electropneumatic type \ small 


master controller located in the engineer s cab c mntrols the el etric 
starting motor and the carburetor, this latter being governed by a 


variable-speed electric motor operating the governor attached to 


the butterfly valve. An electropneumatic arrangement operated 
also the gear shift. 


} 


An interesting feature of the design is the support of the cran 


rit k- 


case bolster. This crankcase bolster is spring-supported, a bracket 
at the ends being extended to a s ispension link to permit lateral 


motion This suspension link Is attached to the frame and at a 


pomt on t} 


e frame which results in low stresses at the center of the 
side frame. The springs rest directly on the journal boxes with the 
ends attached to the side frames, thus giving the crankcase bolster 
both lateral and vertical movement. The center tie bars between 
the side frames are bolted in place and therefore can be removed 
readily. Then by disconnecting the suspension links at the frames, 
the drive shafts and control connections, the engine and transmis- 
sion may be removed from the truck for overhauling. Railway 
Review, vol. 71, no. 25, Dee. 16, 1922, pp. 852-854, 2 figs., d) 


REFRIGERATION (See also Thermodynamics 
Tests on Ammonia Compressor and Tubular Condensers 


PERFORMANCE OF SINGLE-ACTING AMMONIA COMPRESSOR AND 


TuBULAR CoNnDENSERS, Geo. A. Horne, Mem. Am.Soc.M.E. Data 
of tests made in the Tenth Ave. plant of the Merchants Refrigerat- 
ing Co., New York City. The machine on which the tests were 


made is a vertical, three-cylinder, single-acting, simple compressor 
of the enclosed type with pistons 18 in. in diameter and a 20-in, 
stroke. The machine is direct-connected to a synchronous motor 
and is operated at 164. r.p.m. The condensers are shell and tube, 
open type, with water pumped over the top and flowing by gravity 
through the tubes into an open pan. The condensed liquid is 
cooled in a double-pipe liquid cooler, from which it passes to 
shell and tube brine cooler. 


a 


The article describes the equipment used in these tests which 
appears to be unusually complete for a commercial test. Ammonia 
was measured by a carefully calibrated meter, which is superior to 
any method of simply weighing or gaging the liquid during the test. 

In view of the fact that the liquid is frequently cooled below the 
temperature corresponding to the boiling point at the condenser 
pressure, an interesting chart (Fig. 6) has been arranged so that the 
percentage of indicated horsepower per ton saved by liquid inter- 
cooling may be read directly without detailed calculation. 

The chart is subdivided into three parts: (1) the upper left-hand 
corner gives the relation between condenser pressure, liquid cooling 
range and B.t.u. removed by water per pound of liquid ammonia; 
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2) the lower right-hand corner gives the relation between condenser 
pressure, suction pressure, and B.t.u. available per pound of am- 
monia with no liquid cooling; (3) the upper right-hand corner gives 
the relation between available B.t.u. per lb. of ammonia with no 
liquid cooling, B.t.u. removed by water per pound of liquid ammonia 
and percentage of saving in horsepower effected by the liquid 
forecooling. 

The following examples will show how the chart is used: 

1 Given: Condenser pressure 190 Ib. per sq. in. abs.; suction 
pressure 20 lb. per sq. in., abs. Find: Available B.t.u. per lb. of 
ammonia, Without any liquid cooling. 

Use the lower right-hand section of chart. Enter the right- 
hand vertieal scale at 190 lb. (see dotted line on chart), move 
horizontally to the right to the 20-lb. suction line; then move 
vertically down and read 458 B.t.u. on the lower horizontal scale. 

2 Given: Condenser pressure 190 Ib. per sq. in., abs.; liquid 
forecooled 20 deg. fahr. (i.e., from 93.1 to 73.1 deg. fahr.) Find: 
B.t.u. removed by water per lb. of ammonia. 

Use the upper left-hand section of chart. Enter the horizontal 
190 lb., move vertically up to the 20-deg. line, then move 
horizontally to the left and read 23 B.t.u. on the vertical scale 
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3 Given: Condenser pressure 190 lb. per sq. in., abs., suction 
pressure 20 lb. per sq. in., abs.; liquid forecooling range 20 deg. 
fahr. Find: The i.hp. per ton. 

In the lower right-hand section of chart enter the vertical scale 
at 190 lb.; move horizontally to the right to the 20-lb. suction line, 
move vertically up; hold this vertical line. In the upper left-hand 
section of the chart enter the horizontal scale at 190 lb.; move 
vertically up to the 20-deg. line and then move horizontally to the 
right until the vertical line previously obtained from the other sec- 
tion of the chart is intersected. At the intersection read 4.8 per 
cent saving effected by liquid forecooling. From the i.hp. chart 
we find that the i.hp. per ton for 190 lb. condenser pressure and 
20 lb. suction pressure but without liquid cooling is 1.525. Then 
the ihp. per ton for the same conditions but with liquid cooling 
is 1.525 (1-0.048) or 1.525 & 0.952 = 1.452. 

It should also be mentioned that the theoretical i.hp. as calcu- 
lated does not include any saving due to water-jacketed cylinders. 
The machine which was used in these tests was provided with water 
jackets, which naturally increases the volumetric efficiency and 
decreases the horsepower per ton. The effect of the jacket water 
may be calculated from the data as shown for the various tests. 

The table in the original article gives a summary of the con- 
denser performance in these tests, of interest because of the high 
rate of heat transfer obtained with these condensers. (Refrigerat- 
ing Engineering, vol. 9, no. 5, Nov., 1922, pp. 1438-151 and 161, 
11 figs., eA) 


SPECIAL PROCESSES 


MAUCLERE SystTeEM OF PNEUMATIC HANDLING or INFLAMMABLE 
Liquips. The apparatus is designed primarily for handling kero- 
sene and other inflammable or toxic liquids. It may be used for 
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any other kind of liquids as well, including viscous liquids and those 
holding solid matter in suspension. 

The problem which the designer undertook to solve may be 
stated as follows: To assure in every instance by means of “‘inter- 
connecting gage vessels’ functioning alternatively the manipula- 
tion of the liquids contained in closed reservoirs in any position 
or dimension and under atmospheric pressure, with the further 
restriction that these liquids during the period of storing them in 
the tanks, withdrawing them from the tanks, and intermediary 
periods, should remain at all times out of contact with the air in 
order to avoid diffusion of inflammable or toxic vapors. 

The original article describes the apparatus in detail as well as 
The apparatus is 
of such a character that it may be applied either to a large stationary 
plant or to a delivery truck. (Le Génie Civil, vol. 81, 


2, 1922, pp. 512-516, 9 figs., d) 


test data in connection with the separation. 


no. 23, Dee 


An Improved Tube Rolling Mill 


Improveo Tuse RoiunG Mini. Abstract of British patent 
granted to R. E. Brock, an American. An interesting modifica- 
tion to the construction of tube rolling mills of the continuous 
type is described under this patent, the object being to secure more 
efficient operation in the manufacture of seamless tubing. In 
machines of this nature it is usual to pass the blank through a series 
of rolls in alignment with a gradually decreasing pass diameter, 
consecutive sets of rolls being arranged with the planes of maximum 
pressure perpendicular to one another. This, of course 
in a slight reduction in the diameter of the tube at each pass, with 
a corresponding elongation of the blank, so that the finished tube 
leaves the mill at a speed considerably greater than the speed at 
which the blank enters the opposite end. Actually, under average 
conditions the increase in speed is found to be approximately 


results 
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Fic. 7 An Improvep Tuspe Roiiine MIL. 
4 per cent at each pass, and it is to make allowance for this fact 
that the present improvement has been introduced. 

Briefly, it consists in a particularly neat arrangement of the drive 
to each set of rolls, whereby a progressive increase of the spee:s 
of the respective sets is obtained regardless of the speed of the 
primary driving shaft. The method of effecting this will be appar- 
ent from Fig. 7, which shows a part section through the mill in the 
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plane of the rolls, and a plan view from which the central sets of 
rolls has been omitted to show the drive. 

t may be seen that the power is taken from a motor direct-coupled 
to a cross-shaft, which i Mach 


WW hile 


fitted at either end with a pinion. 


of these pinions engages two spur gears, one on either side, 


the spur gears are made with diameters Progressive V increasing 


so that a corresponding range peeds is obtained 
It may further be stated that the spur gears are keyed to short 
eross-shafts, each of which carries a bevel pinion at the inner end, 


and by this means the power is transmitted to four independent 


longitudinal shafts, whi are thus driven at different speeds 
The drive is then transmitted to each set of rolls by means of further 
el geal ra l hown tn the per \\ cl the e members 
so 1 e sot the diameter increases progressively through- 
t the rie Thus, since alternate sets of rolls are driven fron 
each longitudinal shaft, each pair may be driven at a speed approxi 
telvy 4 per cer igher than the preceding t bv suitably arrang- 

gy the eeth in each bevel ee] 
In other respect e constructional features follow the usual 
ractics h regard to rolling mi British Patent no. 185,543 


bstracted through Enaines 
3, 1922, pp. 501-502, 1 hg 


Production, vol. 5, no. 112, No 
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AND Li 
Description of 


REMOVAL Oo} 
Nesbit 
trical and centrifugal action and intended chiefly for cleaning 


SOLID 


ump PARTICLES FROM GaAsEs, A. | 
an apparatus of a type combining elec- 
ombustible gases such as coke-oven and blast-furnace gases to be 
ised as a source of heat or motor fuel, though other gases may be 
imilarly handled. 

The apparatus may be 
electrical 


purely mechanical or combined with 

The purely mechanical cleaners do 
it remove as completely the dusts, tar, and other fogs constituting 
he recoverable contents of the gases as may be done by the use of 
combined electrical and 


ertain features. 


mechanical cleaners, but they are free 
rom the disadvantages always present when using electrical systems 
nd they yield such a high percentage of recovery as to suggest 
Blast Furnace 


641, 5 figs., d 


successful stage-refrigerating-type apparatus. 
d Steel Plant, vol 10, no. 12, Dee.. 1922. pp. 637 


— 


‘ESTING AND MEASUREMENTS (See also Thermo- 
dynamics 
THE Davon MicroTELESCOPE AND SUPERMICROSCOPE, F. David- 
Description of two instruments invented by the author. 
regards the microtelescope the principle involved is the applica- 
1 of a short-focus telescope objective in a tube with a series of 
iphragms to the microscope, the microscope itself acting as a 
compound eyepiece. With that attachment, which contained a 
0-11 telescope objective inserted into the Abbé rim of the micro- 
pe, there was an image of a distant object projected to the plane 
the stage; the air image was magnified by the microscope proper 
las a result objects could be seen as near as 6 ft. 
etically from 6 ft. to infinity. 


lis range was 
One could then, for example, 
w the scales of pyrometers or thermometers at any distance, 


cessible parts of machinery, and certain parts of a mine, pro- 
ed, of course, that the light could be projected on to the object 
One of the characteristics of the observations with this instrument 
depth of focus. 
with the it in apparent stereoscopic relief. 
As an illustration of what can be done with the microtelescope, 


One could look at an ordinary photograph 


instrument and see 


the author cites the case of a bird’s nest which was photographed 
v this instrument at a distance of 50 yd. 

Next, a short-focus attachment was provided for working with 
objects which, because of their size or shape, could not be put upon 
the stage of a microscope, for example, minerals, metal fractures, 
¢ Here a variation of magnification of from 30 to 90 diameters 
W possible without altering anything but the distance from the 
object, and even at the higher magnification the relative depth of 


locus was always maintained. 

_A third attachment was then provided, namely, another tube 
in which a microscope objective was placed at one end. At the 
other end of the tube was another achromatic combination, which 
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the inventor called a collector. This gave the supern 
By means of the collector the i lage Oo 1 mic! cop 
projected at some distance beyond it. The position of tl ill 
image which was projected depended upon the distance tl 
collector happened to be from the front 1 | ! ( 
his enabled the » carry the system of dire 
becul it} ort-foeu ttachment up t ! " OOO 
diameters and sufficient rking dist limi 
mn « et rol r 
it 3 te te that anvthit 
] Is < ibe p u 
| g ind 
S000 diameters (') Vi 9 
270, Dee. 15, 1922, pp. 353-355, ser 0 Bullet tthe I 
Mining and Metallurg no. 21S, N 1922 l-< 
THERMODYNAMICS 
Heat Transmission—Heat Measurements—Room 


Thermometers 


NEW MeEtTHODS AND INVESTIGATIONS FOR DETERMINING HEAT 


TRANSMISSION, Prof. Oscar Knoblauc! Discus he mean- 
ing of the Various coeflicients of he at transmission ind methods 
for their determination, including methods of measuring the temp- 


erature of the various elements entering into the problem 


The author devotes particular attention to the determination 


of the coefficient of heat transmission which is the heat lost per 


unit area, say, 1 sq. m., of a surface, such as the wall of a building, 
to the ambient medium, such as air, per unit of time per hour 
per degree (centigrade temperature diflerence The great diffi- 


culty in determining this coefficient lies in the 
of the air and wall temperatures 
In particular, as regards the measurement of air 


exact measurement 


temperature, 
The 
lies in the fact that if the ther- 
mometer 1s placed close to the wall, its reading may be materially 


this should be measured in fairly close proximity to the wall. 
difficulty of doing this, however 


affected by radiation losses, the direction of which would depend 
on whether the wall is colder or warmer than the thermometer. 
In the former case the thermometer would be losing heat by radia- 
tion to the wall and would show less than the true air temperature. 
In the latter case it would gain heat from the wall and would show 
an air temperature higher than the wall. 

Experiments recently carried out by H. Hausen in Germany 
show that this error in thermometer reading may be quite material. 


\]] attempts to obviate this by such means as enclosing the tla I- 
mometer in a metal sheath or using a rapidly moving thermometer 
or blowing the air over the thermometer and the like, are unsuitable 


for this particular purpose because they materially modify the 
conditions of the experiment. 

Theoretically, the error in measurement due to the error of ab- 
sorbed radiated heat may be considerably reduced by prov iding 
a thermometer with a surface of proper characteristics, 
one that will absorb as little light and heat 
The glass tube usual in mercury thermometers allows the majority 
of light rays to pass through, which therefore reach the mercury 
and are reflected by it. On the other hand, however, the glass 
absorbs powerfully the shorter-wave heat radiation and thereby 
contributes to the 


name ly, 
radiation as possib| 


error in measurement discussed above. 
gold and silver absorb only 2 per cent and nickel 5 per 
cent of the heat radiation, a substantial reduction in error due to 
heat absorption may be brought about by 
nickeling the thermometer tube. 


Since, 


howe ver, 


gilding, silvering, ot 
If gold and silver are selected 
the error in measurement falls to about 3 per cent of the error of 
a thermometer with a plain glass tube, and this may be safely 
neglected in the majority of practical applications. 

lor measurements of precision, however, the readings of a ther- 
mometer even with the gilt and silver tube, are not sufficiently 
exact. There is, however, a way of obtaining an extremely exact 
reading by using two thermometers having tubes of different heat- 
absorption capacity, for example, one of plain glass and the other 








gilt. In this case the true temperature of air fp may be expressed 
as 

tp = t’ K (t’’ —t’ 
where t’ is the reading of the thermometer with the gilt tube; K 
a coefficient depending on the constants of the two thermometers 
(in this case 0.15); and t’’ the reading of thermometer with the 
higher heat absorption, as, for example, the plain glass tube. 

If, for example, with such a double-thermometer outfit the glass- 
tube thermometer reads 23.0 deg. cent. and the gilt tube 20.0 deg., 
then the true t mperature of the air ¢ according to the above equa- 
tion is 

t = 20— 0.15 (23 


90) 19.55 deg. cent. 


If such a double-thermometer outfit is suspended near a cold 
wall the temperature of the gilt-tube thermometer will be higher 
than that of the glass-tube thermometer and the temperature of 
both will be lower than the air temperature, all this being due to 
the loss of heat from the thermometers to the wall by radiation 

From this the author proceeds to the discussion of the ordinary 
method of measuring room temperature by means 
of a thermometer suspended on the wall. He 
finds that with the usual construction such a 
thermometer reads the room temperature fairly 










\ closely only where the room is so heated that it 
’ ~ . . . - . 
AG is maintained at a fairly constant temperature 
" INS for a length of time sufficient for a fairly close 
kK — NS equalization between air and wall temperature to 
WINS be obtained. However, where the room is not 
VIR ° e . 
"a VINS heated for a greater part of the day and is only 
\N ° 
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supplied with considerable amounts of heat for 
comparatively short intervals, so that the walls 
are not fairly cold, the temperature readings of 
a thermometer hung on a wall are extremely 
misleading. This is particularly so as the mer- 
cury bulb is enclosed in a wooden frame, and 
in addition is covered by perforated metal. Free 
contact with air is therefore materially precluded, 
while heat transfer between the wall and ther- 
mometer by conduction and radiation are en- 
couraged. Such a thermometer is more suitable 
for measuring the wall temperature than the air 
temperature. 

A German concern is building a wall ther- 
mometer of the type shown in Fig. 8. Here the 
thermometer is supported on a wooden base 
suspended on the wall in the usual manner, but 
it is placed not in the base itself but on a milk- 
glass scale about 2 cm. (0.8 in.) from the wooden 
base. The mercury bulb is therefore freely in 
contact with the air while the wooden base pro- 
tects the thermometer against a large share of 
heat radiation interchanged between it and the 
wall. 

At the same time it is a question which of the two types of wall 
thermometer referred to above gives indications of greater practical 
interest. The human body in a room is subject to two kinds of 
temperature interchanges: namely, between the body and the air, 
and by radiation between the body and the walls. Where the 
room is rapidly heated up there may be a feeling of chill in a room 
where the true air temperature is as high as 68 deg., provided the 
wall temperature is low, and the latter may be as low as 50 deg. 
From this point of view a thermometer exposed to radiation losses 
to the wall loses more than one that is not so exposed, and, for 
example, under the above air and wall conditions a thermometer 
in a room having a true air temperature of 20 deg. cent. (68 deg. 
fahr.) will read only 17.3 deg. cent. (63 deg. fahr.). 

The next problem which the author discusses is the measurement 
of the true wall temperature, which means the temperature of 
the surface of the wall exposed to the air. Here thermocouples 
present a sufficiently reliable means. 

The author proceeds next to the discussion of methods for deter- 
mining the heat transmission through walls of various tubes, hollow 
or solid, by means of numerical calculations, and shows that these 
have been developed to such an extent as to give results sufficiently 
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reliable for all practical purposes.. He points out also that of 
late a good deal more attention has been paid than formerly to the 
ability of walls to resist heat losses because of the greater cost and 
scarcity of fuel. 

An extensive discussion of heat losses through windows concludes 
the article. 
heat flow through the window materials and air leakage due to 
lack of tightness in the window joints. In 
tensive experiments made in Germany are quoted 


In this case the author considers losses due both to 
this connection ex- 
Paper before 
the annual meeting of the German Refrigerating Society, Munich, 
July 18, 1922, abstracted through Zeitschrift fiir die Gesamte Kaelte- 
Industrie, vol. 29, no. 10, Oct., 1922, pp. 177-183, 7 figs., eg 


VARIA 


INDUSTRIAL SITUATION IN JAPAN, 
Sir E. T. F. 
British Department of Overseas Trade 
mercial, industrial, and financial situation in Japan during 1921 
and up to June 30, 1922. 


Data taken from a report by 
of Tokyo, the 
and «ce iling with the com- 


Crowe and G. B. Sansom issued by 


From this report it would appear that ¢ mtrary to the common 
This 1s 


largest pro- 


impression Japan is a country of high production costs. 
illustrated in the ec: 
ducers of copper in the world. 


ise of copper. Japan is one of the 
Before the war her output averaged 
60,000 tons a year, and next to silk and cotton varns copper was the 
most important export. The principal mines were owned by a few 
of the richest families of the country and the copper business was 
' 1919 
and 1920 for the first time copper began to be imported as con- 
sumption increased, while production fell off owing to increased 
The imports fell off in 1921 but increased again in 1922. 
The copper-mine owners declared that they were unable to pre «luce 
copper at a price which could compete with the imports from 
America, and the government, in order to protect an important 
domestic industry, accordingly increased the duty from 0.20 yen 
per 100 kin to 7 yen. For a short period imports ceased, but last 
June they were again beginning to come in. 


looked upon as being very prosperous and profitable. In 


costs. 


It is estimated that the consumption of copper in Japan is 
about 6000 tons a month, while production has dropped below 
5000 tons. In 1917 Japan produced on an average 10,000 tons 
monthly. The problem facing the mine owners is whether to at 
tempt to produce more economically and meet competition or to 
maintain the price at a high level by reducing output. 

The latter uneconomie policy has been followed by the colliery 
owners who curtailed output by 17'/2 per cent in order to bolster 
up prices. It is this tendency, the report points out, of continu- 
ally forcing up prices and preventing them from finding their natural 
level which must seriously damage Japanese trade unless it is rem 
edied in time. The immediate effect has naturally been to keep the 
cost of living at the high level to which it mounted during the war 

As regards the iron and steel industries, it was pointed out 
another report that Japan has made rapid strides in its wire-man) 
facturing industry and today is turning out wire rope, plain wir 
and wire nails of good quality. The production of these commodi- 
ties, however, is not sufficient to meet the needs of the Japanes 
resulting in heavy purchases of foreign wire goods. The demand 
for wire products is principally in galvanized plain and bright 
wire and wire nails. To a less extent there is a call for wire rope 
and cable, insulated wire and cable, woven wire fencing, wire 
cloth and screening. 

Boiler plates for the Japanese-made locomotive, war vessel, 
steamship, and other equipment are largely imported. In May, 
1922, 1839 tons of boiler plates and 2189 tons of other steel plates 
of American manufacture were taken by the Japanese. (7 he 
Electrical Review, vol. 91, no. 2344, Oct. 27, 1922, pp. 605-606, ¢ 
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Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general, A historical; m mat/ie 
matical; p practical; s statistical; ¢ theoretical. Articles of especial 
merit are rated A by the reviewer. Opinions expressed are thiose 
of the reviewer, not of the Society. 














Progress in the Art of Power Development 


By A. G. CHRISTIE 


“| HE Power Division concerns itself with all problems involved in 
the generation and transmission of power. Among the more 

important probli ms are those concerning the de velopment of un- 

derlying theory, the design, construction, and operation of all classes 

of power machinery, both steam and hydraulic, the 

and distribution of 


power development 


transmission 


power, and economic questions concerning 


Since the greater portion of our power supply is developed from 
steam at the present time, much attention has been devoted to 


factors concerning the design and construction of steam stations 
The increased costs of fuel and of labor have had a v ry material 
affect on plant design. Emphasis is now | 
of the plant as a whole rather than on prime 
his has led to eareful study of the heat | 


' 
plant. Suel 


h studies often develop possibilities for improvements 


laced on the operation 
mover or boiler alor e, 


lance of the complete 


and have 


designs much 


a very stimulating effect on the management. In new 
thought is studies of 
various schemes before a final selection is made. Minor heat 


losses such : 


devoted to heat-balance 


is those in the generator cooling air, transformer losses, 
bearing losses, 
ized. Systems of operating auxilaries to secure the lowest B.t.u. per 
kw-hr. of net station output are being developed which differ radi- 

illy from former practice. 
ployed with motors 
ibly be 


and gland leakage are now being recovered and util- 


In some cases house turbines are em- 


on all auxiliaries. These, however, will prob- 
omitted from future stations where economizers are not 
ised and all power for auxiliaries will be furnished from the main 
turbines which will be of the multiple bleeder type Certain of the 
ssential auxiliaries will be equipped with synchronous motors and 
: duplex steam drive in reserve that will pick up load in an emer- 
gency and will operate certain other auxiliaries with the synchronous 
otor acting as a generator. 
Substantial progress is being made both in size and in designs 
large turbo-generators. Types built under the stress of war 
mditions developed certain weaknesses, and as a result all the 
irge companies both here and abroad have been redesigning and 
proving their machines. 
nd better built. 


The newer designs are more compact 
The ideal turbine will provide the steam with 
the smoothest and most direct expanding passages free from sudden 
anges in cross-section or in direction, and with stationary and re- 
ving guides or buckets whose curved surfaces offer the minimum 
shock to the high-velocity steam. 


This ideal is being approached 
recent designs. 


A uniform distribution of steam in the exhaust 
pe and the utilization of the velocity energy leaving the blades 
also attempted in some of the new units. 
Multi-stage bleeding is becoming standard practice with large 
im turbines. Engineers will demand that the builders 
emselves provide the turbine and bleeders and base all guaran- 
son the performance of the unit as a whole, resulting in better 
ign and improved thermodynamic performance. 
(he characteristics and limitations of small steam turbines are 
‘coming better known. New designs embody substantial im- 
ovement over earlier types. There is still need for further im- 
provement in these units intended for auxiliary service. Small 
eam turbines have not been able to compete on the basis of economy 
th uniflow engines. 


soon 


here is a decided tendency at the present time to increase steam 
ssures and temperatures. Mr. Orrok has ably discussed this 
ject in his recent paper on The Commercial Economy of High 
essure and High Superheat in the Central Station. He con- 
ides that 1200 to 1500 lb. steam pressure is commercial but that 
temperatures are limited to about 750 deg. fahr. until better materials 
n be developed for valves and piping. The Benson system now 
ing considered in Great Britain goes to pressures in the neighbor- 
od of 3200 Ib. per sq. in., but while sound theoretically has 

been commercialized. Recent announcement of plants to use 
) lb. pressure seem to indicate conservative design as far as 
‘imate limitations are concerned. 


tom 


Re- 


' Professor of mechanical engineering, Johns Hopkins University. 
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Mr. Orrok pointed out that most of our discussions on high pres- 
sures and temperatures are academic in view of the lack of definite 
knowledge of the properties of steam under these condition Che 
Steam Table Research when completed will be of inestimable 
value to engineers. Much discussion of the so-called ipersatu- 
ration” state of steam has de veloped in England (merican engi- 


neers desire to be further enlightened on this subject, which up 


to the present time has not received much attention in this 
country. 

The steam boiler and it auxiliaries are prime essentials in power 
generation. Boilers are steadily increasing in size and height. 


The Power Division has directed its attention to 
absorption in boilers, 

the direction of Mr. FE. B. Powell. It is hoped that 
port can be made to the Division. The 
fuel with 
ment of water 


tudy ol heat 


and this is progressing satisfactorily under 


in early re- 

powdered 
temperatures has made the employ- 
and the use of 
radiant-energy superheaters in the The 


heat-absorbing 


introduction of 
Increasing lumMact 


screens necessary has suggested 


side walls. 


added 
interest, 


influence 
on furnace temperature of these 


watche a 


Ssuriaces 
will be with great and will have considerable 
effect on future furnace design. 
Boilers are now operated for periods 


tube surtace 


varving 


at high ratings. 
This can only be done where the s are free from scale 
and the feedwater free from foaming alkalis. Hence the feedwater 
must be kept pure Many stations now employ evaporated make- 
up. If low-priced evaporators were available in small sizes it 
would be advisable to furnish distilled make-up for feedwater in a 
great many of our small } lants where only impregnated water is 
available. 

Rising coal prices have resulted in the wider adoption of econo- 
mizers, which in high-pressure plants have steel tubes. Several 
new problems have been presented to engineers by the adoption 
of these steel tubes. In the first place corrosion is very rapid and 
very destructive if any oxygen remains in solution in the feedwater. 
Hence various methods and equipment have been devised to de- 
aérate the feedwater. I ifficulty with corrosion of the outside of 
economizer tubes has been encountered where coals high in sul- 
phur are used. A study of the dewpoints of sulphur compounds 
may reveal the cause of this difficulty. 

In plant economy the B.t.u. per kw-hr. developed has been stead- 
ily reduced and will be further lowered when some of the newer ideas 
on heat balance have been fully developed. 

There is a wide interest nationally in the development of water 
power, and many new undertakings are being planned. Engineers 
have devoted their attention to the development of turbines of 
increasing size for large power developments and to new designs 
to operate efficiently under low heads. Definite progress has been 
made in improving the overall efficiency of turbines by the use of 
the hydraucone, the improved draft tube, and the regainer. Sev- 
eral of these developments have been discussed at meetings under 
the auspices of the Power Division and papers on new developments 
are planned for coming meetings. 

teduction gears produced during the urgency of the war period 
were in many cases not of the best materials nor carefully made. 
Gears of recent manufacture have been greatly improved and are 
now regarded as standard equipment for many purposes. 

The increased interest being given to the question of conser va- 
tion of the valuable products of coal and to the low-temperature 
carbonization process should make power engineers give some 
thought to the ultimate plant of the future. A scheme is already 
under consideration for at least one large station where a low- 
temperature carbonization process adjoining the steam plant will 
furnish rich gas to the city mains for domestic purposes and a 
low-volatile coke that burns without smoke for heating purposes. 
This semi-coke in pulverized form will serve as the fuel supply to 
the boiler furnaces of the electric plant. The motor fuels, alcohol, 
creosote, fuel oils, ammonium sulphate, and other valuable by- 
products will be available for sale. In the near future the power 
engineer may have to be a gas-house man as well as a steam-station 
expert if the present tendency continues. 
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A Department Conducted by the Research Committee of the A.S.M.E. 


Personnel Methods—Recognition and Classification 
of Human Abilities 


URING the last decade there has grown up in industry a new 
branch of technology that has received the 


appropriate de- 
scriptive name of “Shuman engineering.’ 


The development has come 
about through an increasing demand for means to assist managers 
in selecting men better suited, from the points of view of employec 
and of employer, to the work they have to do. There 
demand for reliable information about the methods which have 
appeared in the form of mental tests, trade tests, rating seales, and 
other means of discovering human qualifications. 

Standardized tests and measurements are widely sought by engi- 
neers, but the hazards incident to the activities of charlatans pre- 
vent the full utilization of this contribution of modern science. 
Recognizing the importance of the movement and the need for 
careful scientific appraisal of available methods, the National 
tesearch Council has initiated various activities for the benefit of 
managers who are dealing with human problems. To this end the 
Research Information Service of the Council is giving attention to 
the compilation of reliable information about personnel matters. 

As a free clearing house for the promotion of research and its 
applications in industry, the Research Information Service is pre- 
pared to furnish critical information about modern personnel 
methods. Among the mechanisms especially designed for this 
informational service there is maintained a personnel file in which 
consulting psychologists, personnel specialists, and other reputable 
experts on problems of human adjustment are listed. Files of 
information about available tests and their particular usefulness 
are also maintained. 

With specialists on these problems in the Council offices and with 
files of information at their disposal, mechanical engineers may 
profitably appeal to the Research Information Service for facts 
about methods of personnel classification. All communications 
should be addresses to Research Information Service, National 
Research Council, Washnington, D. C. 


is wide 


Research Résumé of the Month 


A—RESEARCH RESULTS 


Explosives and Explosions A1-23. Srupy oF ExpLosions or GaAsEous 
Mixtures. The immediate object of the series of tests reported in 
the most recent Bulletin (No. 133) of the Engineering Experiment 
Station of the University of Illinois was a study of the physical phe- 
nomena involved in the explosions of various mixtures of illuminating 
gas and air. Prof. A. P. Kratz and Mr. C. Z. Rosecrans are the authors. 
The bulletin includes the determination of the effect of different-shaped 
explosion vessels, and of turbulence at the time of ignition, as well as a 
study of the heat loss from the burning mass of gas. Any problems 
connected with the chemical changes involved have not been considered 
within the scope of the investigation. 

An investigation of explosions of gaseous mixtures at constant volume 
was undertaken by the Engineering Experiment Station in 1914, when 
C. R. Richards outlined an extensive series of experiments and defined 
the scope of the investigation which was to follow. Apparatus was 
designed and a few results were obtained showing the effect of the shape 
of the explosion vessel and of turbulence at the time of firing, but it 
was found necessary to discontinue the work. In 1919 part of the 
apparatus was redesigned and work was resumed. This bulletin is a 
preliminary report of the methods pursued and the results thus far ob- 
tained. 

Address the authors in care of the University of Illinois, Engineering 
Experiment Station, Urbana, Illinois. 

Gases, Al-23. Srupy or Expiosions or Gaseous Mixtures. See Ex- 

plosives and Explosions A1-23. 


B—RESEARCH IN PROGRESS 


Ceramics and Glass B1-23. INFLUENCE OF BURNING FUEL O1L on ReE- 
FRACTORIES. See Refractories B1-23. 


Fluid Flow B1-23. FLow or WATER IN VERTICAL Pires. A considerable 
amount of laboratory work has been completed in an investigation of 


the possible rates of flow through vertical pips his study is ben 
maducted at the University of Illinois by Mr. W. J. Putna nd is te 
include work on pipe of various lengt} ind with different ent: 
nditions. The pipes discharge into the air ir | cases and the tests 
therefore pply to flow through down spouts, drair industrial ply 
ms. at 
I ed Struc B STRESSES IN STATICALLY INTERMINA FRAMES 
Bulletin No. 108 of the University of Illinois issued L91S present 
equations for moments in frames due to any type of 1 he work 
wl iM W. M. Wilson has completed during the | , er on ¢} 
s ect consists of the derivation of the corresponding equations for 
the stresses due to particular loads This material w be published 
shortly as one section of the Structural Engineer's Handbook Librar 
Framed Structures B WeB Srresses IN BEAMS A study of t efi 
spacing of stirrups and a comparison between the actior f rec 
tangular and T-beams is now being made under the direction of Prof 
A. N. Talbot at the University of Ilinoi During the past year test 
on 20 large rectangular and T-beams have been « omple ted 
Gas, B1-2 Erriciency In Gas Compustion. An investigation has beet 


recently undertaken by Mr. F. E. Vandaveer at the Engineering E 
periment Station of the University of Illinois to determine the possi 
As this study pro 
the catalytic chamber f 

the effect of temperature at 


x 
, 
extensions in the use of fuel gas in the industries 
gresses it is proposed to take up (a 
mixing of air 
combustion, 


and KAS, and (¢ 


Gases, B2-23. AMOUNT OF WATER IN A NEARLY Dry Gas An electrical 
device for detecting and approximately indicating the amount of water 
in a nearly dry gas, upon which a considerable amount of work was 
done several years ago at the Bureau of Standards, 
tried out with surprisingly good results. The detector appears to have 
lost none of its sensitivity during nearly three years in the laboratory 
This would indicate that it may be relied upon as an alarm device it 
the liquefaction and nitrogen-fixation industries where such a device i 
greatly needed. The Bureau hopes to prepare and publish a descrip- 
tion of the device in the near future. 


has been agair 


Me hanics, Bl- co. See Frame d Structures 


Mechanics, B2-23. Fatigue or Mertats. Bulletin No. 124 of the Univer 
sity of Illinois describing this important investigation by Professor 
Moore and Kommers was mentioned in these columns in the February 
1922, issue. It is now possible to announce that a second bulletin b 
the same authors is in preparation which will describe new tests « 


WEB STRESSES IN BEAMS. 


tension and reverse bending 
and also under reversals of direct axial stress 


materials under a combination of steady 


Non-Ferrous Metals B1-23. CONTRACTION AND SHRINKAGE OF NoN-FEI 
Rous ALLOYS AS RELATED TO CAsTING PRACTICE One of the fund 
mental problems under investigation by the Bureau of Mines in its 
loy work is the contraction of a series of light alumi: um alloys, particular 
of which will soon be published as Bulletin 287 of the Bureau \ 
investigation is now under way on the contraction of a series of comm 
cial brasses and bronzes. 

While the contraction of alloys is only one of the factors that bear 
cracks in castings, as well as on the casting qualities of any alloy, st 
itisimportant; and comparative figures as to the contraction of vari 
alloys will serve as 
tendency. 

A “Report of Investigation” Serial No. 2410 prepared by Mr. Robs 
J. Anderson is a short discussion of the technical aspects of contr 
tion in relation to foundry practice, and has been published in respor 
to numerous inquiries for information, with the recommendation of t 
Advisory Committee 

On the basis of the available information, the following conclusi 
may be drawn as to the contraction and shrinkage of alloys as relat 
to foundry practice: 

1 The linear contraction of any alloy is a function of the ex 
chemical composition of that alloy, and relatively small amount 
impurities affect the contraction. 

2 The wide variation in contraction among the alloys of a g 
class—for example, bronzes, or aluminum alloys—indi 3 
that it is poor practice to employ a rough figure as the contraction « 
loys of a given class in general, since by so doing much difficulty ar 
in producing master patterns and in obtaining castings with a minin 
of wasters. 

3 Theoretically, the higher the pouring temperature the greater 
the contraction, as less metal can be held in a mold cavity at a higher 
temperature than at a lower temperature. Actually, pouring at 
intermediate temperature gives greater contraction than pouring at 9 
high temperature or a low temperature on account of the effect of as 
evolution in the case of alloys poured at high temperatures. The evo- 
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a guide to their casting qualities and crackir 


brasses, 
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lution of gas referred to ¢ iuses actual expansion thus interfering with struction, and Materia Addrs he National A 

normal contraction and yielding less contraction. Washington, D. ¢ 
t Other things being equal, the smaller the cross-section, the less the 

contraction for a given length Road Materials and Eq ment FI] Py oTs IN Hicuw g H 
5 Other conditions being th ime, the greater the length for a given ( RRENT OR RECENTLY COMPLI See Higl l [ 

cro ction the les the contraction 


6 The linear contraction of alloys is a function of the kin 


13 ! th J ropea | America i 

employed, the contraction being great n chill molds than nd : 

ny yed ! ( I I I iter in il n i tracted b Dr \ H. St ~ 
rn | other conditions being the ime | Mat a ‘ = 

ih lL Is the ntr t in casting d pn 1 Ipor _— ‘ s 

t vent ( ‘ t ‘ ‘ \ 
t the tt the m f the t ind the siz 1 dists i “eo Ix D ! 
=v " ) 
t t 1 riser that the method of mold lard 
s (, \ t meltir tem ture ‘ 
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0 ‘I nt t which } ng « rs on casting alr ) I I pel > > ’ . ‘ . > rane 
cides hin Midinieeiiatieds Uke nila ibs allan for Progress Report of A.S.M.E. Research Com 
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( 1 ( T neriean 
! . ; NK ~ der t 
Pr I Engines ts rep ile nd will be issued 
t t x t jeti roduci draft I} tud — : 
t t exh t steam ] iorm with ew WV 
i t i rm t nozz It int led This report take r ! ‘ 1 refere? } yn flow 1 
¢ +} ’ 1 small model constructed as to ; ll kinds It cor re it only sue ractical instruct 
t t ns t } he front n V | 
Il within t front end we . ze tion. it dit _ ont ni‘ ate a Lame 
" lv tl t t ‘ t re oe? I Se . 
! zat K with t 1" lel w be ' it ( i }?) l l uy } ’ 
‘ t tor j I t +} pny ‘ mri vie a fF ' erat . . el : 
! s 1 B RA eI Fr STEAM 1. v y 
I Part | treat +} ( ’ tv ol tlio ter ‘ t} r) 
1 tt ! { lit experiment A - t pri 
} lucted t t ( ' ciples nea methods i iIved and g¢ ’ ; vhick 
‘ ed ‘ | m l h 
i l lt I t i] | r tl in manv eas e applic | Val Is ( mar tara [ 
‘ tars ‘ f : 1 for 1: 4 Siam O35 : ‘ 
: this part ind tual make nstrume . I not di issed 
t : rt mnt wing their dim 1 pr 
‘ \ . | ward ¢ e i le ‘ I detall Hut are reterred to ont Incidenta or tor istratl r) 
ree The rene! } ane il principle ? tl iy | ( ti t 
1s) , 
while the derivation of formulas and th nite of tan 
B = Y Liu i FurNACE REFRA RIES As involved have be 7 d j thy ypend w] aanenn 
the j ment I tori r electr fur . \ : 
' le ae ; the report 
ole } I 1 { ri 
’ ] ’ i! 
sie conduativity ot advanced temperatures, states the Fede In Part II will be found more detailed information concerning 
Bureau of Min Moreover, data in regard to the conductivity of the practical use of all the flow meters now in common us 
existing refractories at temperatures above 1400 deg. cent. are meager information has been obtained trom both users and maker i 
It -_ , ‘ stud the leakages tor th } efr tori L hue : 
y ’ ’ ’ | 
the tt | nh wor | t i the fur i i ¢t} includes dGescripuiol comm er eters, and particulars I 
‘ At ‘ ‘ ‘ « ‘ 
t r W i rr t the U. S. Bur M respect to operating characteristi niluence of installatior | 
¢ t ¢ mbus. O} the testing « meters 
| ; i» 1. 
; Flow meters are of great and rapidly increasing importance but 
B GAGE STEELS. Progress reports on the work so far done , ay | 
‘ hitherto the information avallabie on this group of instruments 
the Gage Steel Committee were considered at the meeting held ir Lew - 
] . y ‘ » > 
York on November 17th and a program outlined for continuing the has been mcomplet The material forming ¢ hapters 1, 2, 3 
vork Che samples of a steel selected by the committee for investiga $5. 6. and Appendix (, were recently rewritten Chis material 


n have been received ind preliminary work is well under wa contains a new presentation of the subject based on a mathematical 

Dimensional changes on hardening and changes with time after harden- , ’ 
. analysis which is more specifically applicable to fluid flow than 

ng are being studied; also the rate of wear of different specimens whicl : ; “ax : ie 

e been subjected to various heat treatments Bernoulli's theoren lhe analysis did not include the additional 


experimental data now given in the report, but these data required 
. © serious modification of the 
C—REsEARCH PROBLEMS ho serious Moan 


The most important modern advance in experimental aero- 


text 





t Structures C1-23, STRENGTH AND AcTION OF Bourep and Riverep dynamics and hydraulics is the application to them of dimensional 


ONNECTIONS umber of companies interested in this vestig ’ , ' 

CLIC, A See ee oe ee M analysis. This is absolutely indispensable to an understanding 

n have supplied the University of Illinois with a considerable amount } h he] fi ; l | } } 
: . oe > thavior of me noe S r " enomer yf tint 
material with which to begin work. Professors A. N. Talbot and ol the behavior of moving fluids, lor the phenomena of fluid motion 
, ft. = 1 ' 
\. F. Moore are to undertake this study as soon as the necessary assist are so complicated as to de Vy analysis by any other known method 
ts and machines are availabl The use of this mi thod is especially Valu ible. in that it m vk . 


possible the reconciliation of data obtained from experiments wit} 
I’—BIBLIOGRAPHIES the venturi tube and the thin-disk orifice which were former}, 


. . thought to be irreconcilable. These data are now shown to hy 
[ ns and Explosives F1-23. Gaseous Exp.Losions This  bibli T , Raat 
1 ‘ ‘OnNTnNE ry. 
rt iphy contains relerences, not only on the subject of the physical mutua M cor —_ ee. ’ 
henomena involved in the explosions of gaseous mixtures but also in \ ew ol the chaptel heads will serve to indicate the scope ot 


rard to the chemical transformations and other allied phenomena the material covered by this report: Classification of Fluid Meters, 
Numerous references of a mathematical nature, particularly in regard Weighing Meters, Volumeters, Current Meters, Head Meters in- 
‘the majo t of explosion waves, are also included, as well as some few cluding General Principles, Venturi Meters, Flow Nozzle. Thi 
erences describing instruments and apparatus used in investigations a's . ah 
{ gaseous explosions. It consists of twenty-one closely printed 6 by 9 Plate Orifice, Pitot Tube, Area Meters, Force Me ters, and Thermal 
pages and forms Appendix C of the University of Illinois Bulletin Meters. 


No. 133. The Report was prepared and signed by the following men who 
3 constitute this special Research Committee on Fluid Meters 


raves F1-23. Gastous Expiosions. See Explosions and Explosives F1-23. Messrs. R. J. 8. Pigott, Chairman, J. M. Spitzglass, Secretary, 


H ays F1-23. Prosects in Highway Researcu CURRENT OR RECENTLY I. G. Bailey, L. L. Borden, G. 8. Coffin, A. R. Dodge. L. M. Gold- 
OMPLETED. The October, 1922, Bulletin of the National Research smith, F. G. Hechler, Horace Judd, Leo Loeb, P. S. Lvon. W. 
ouncil is devoted entirely to a report on the Census which the Ad- Maplesden, H. N. Packard and C. G. Richardson. ; 
isory Board on Highway Research recently completed. In Part IV, 

179 research projects i rhway engineering : ighway trans . : 
ire listed of briefly rhe These orate 8 be eare of The American Society of Mechanical Engineers, 29 West 
lowing five main headings: Economics. Operation, Design, Con- 39th Street, New York, N. Y 


Those desiring copies of this report should address the Secretary, 
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Contributions 


particularly welcomed are discussions of papers published in this journal, brief articles of current interest to mechanical 
engineers, or comments from members of The American Society of Mechanical Engineers on activities and policies of 


the Society in Research and Standardization. 


Mathematical Determination of the Modulus 
of Elasticity 


To THe Epiror: 

The letter in the December issue of MecHANICAL ENGINEERING 
from Mr. David Guelbaum, entitled Mathematical Determination 
of the Modulus of Elasticity, is a very interesting deduction from 
what is commonly known as the general equation of the elastic 
curve. It should be noted, however, that while a high degree of 
precision is claimed for the method and that while the derivation 
of the equations is mathematically correct, Mr. Guelbaum has 
apparently ignored the fact that he started with a formula which 
has decided limitations. The general equation of the elastic curve 
which states that the bending moment at any section of a bent bar 
is equal to the modulus of elasticity of the material multiplied by 
the moment of inertia of the section and divided by the radius of 
curvature at that section (M = EI/p), depends for its derivation 
on the assumption that the radius of curvature is practically in- 
finite. This is far from being the case in the use of Mr. Guelbaum’s 
method. 

The equations derived and the mechanical device suggested may 
prove useful for approximate results where no testing machine is 
available, but I doubt very much the possibility of attaining the 
degree of accuracy with this device that is attained with the ordinary 
testing-machine method. 

New York, N. Y. Wma. R. Bryans. 


The Entropy of Saturated Steam: Its Relation to 
Specific Volume 


To THE Epiror: 

The object of this communication is to call attention to what 
appears to be a remarkable relation between the entropy of sat- 
urated steam and its specific volume. While the total entropy of 
the steam from water at 32 deg. fahr. cannot be calculated directly 
from the specific volume, if this quantity is determined for one 
temperature and pressure, then the entropy for all other temper- 
atures and pressures can be calculated from the respective volumes, 
without the use of other data. 

If Vo and gs represent respectively the specific volume and the 
known entropy of saturated steam of any pressure; V; and s; the 
specific volume and entropy of steam at some higher pressure; 
and if V2 and s, the same quantities at some lower pressure; then— 
8 — (log Vo—log _ Ree 

& = a + & (log Ve—log Vo)....-...-.ees0ke 
If the common system of logarithms is used, @ = '/; = 0.2. 

In the examples which follow, values for V and s are taken from 
Goodenough’s steam tables, 1915 edition. Steam at atmospheric 
pressure has been selected for the starting point of the calculations, 
on the assumption that our experimental knowledge of the prop- 
erties of steam is probably more exact for that pressure than for 
other pressures. Therefore— 

Vo = 26.81 cu. ft. 
log Vo = 1.4282968 
1.7589 
For steam at 300 lb. pressure, 
Vi = 1.545 eu. ft. 
log Vi; = 0.1889285 
From Equation [1], 
8 = 1.7589—0.2 (1.4282968 — 0.1889285) = 1.5110 
The entropy of steam at 300 Ib. pressure in Goodenough’s tables is 


8 | = 


—~ = 
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1.5092. The ecaleulated value of 1.5110, while '/s:9 larger than 
the tabulated value, is smaller than the value assigned by Marks 
and Davis or by Peabody. 
For steam at 1 lb. pressure, 
V2 = 333.3 cu. ft. 
log V: 25228353 
From Equation [2], 
8 = 1.7589 + 0.2(2.5228353 — 1.4282968 1.9778 
The value given in Goodenough’s tables is 1.9775, which is prac- 
tically identical. 


Table 1 gives the entropies as calculated by Equations [1] and 


TABLE 1 VOLUME AND ENTROPY OF SATURATED STEAM 
Total Entropy from 32 Deg. Fahr. According to 
Absolute 
pressure, Volume Marks and 
Ib cu, ft Eq. [1] and [2] Goodenough Peabody Davi 
300 1.545 1.5110 1. 5092 1.5130 1.5129 
200 2.292 1.5453 1. 5456 1.5459 1. 5456 
125 3.593 1.5843 1. 5858 1. 5840 1. 500 
50 8.53 1.6594 1 6601 1.6581 1.6581 
14.7 26.81 1.7589 1.7566 1.7565 
§ 73.5 1.8465 1.8456 1.8435 1.8432 
1 333.3 1.9778 1.9775 1.9762 1.9754 


[2] for several intermediate pressures between the extremes of 
300 Ib. and 1 Ib., as well as the corresponding values given in th 
standard steam tables of Goodenough, Peabody, and Marks and 
Davis. It will be observed that wherever the calculated valu 
differ appreciably from the tabular values of Goodenough, they 
lie between the values of Goodenough and those of the other author 
ities. 


A study of reversible heat changes in a theoretically perfect 
gas indicates very emphatically a direct relation between chang 
of volume and change of entropy. For example, if a perfect ga 
having the characteristics of air at ordinary pressures and temper 
atures—the constant value of PV being 53.35T7—be expande: 
from V, to V, by any reversible heat process, the initial and fin 
temperatures being the same, the numerical value of the increas 
of entropy will be equal to 


! V, 
6! ( 0B ) 


In attempting to establish a similar relation in the case of a 
saturated vapor it was thought that since the change of volu 
occurred only during the process of vaporization, the direct r 
tion would exist between the volume and the entropy of vap: 
After failing hopelessly to establish this apparent 
logical relation, it was found, by taking a seemingly forlorn chan: 
that the total entropy must be considered—i.e., the increase 
entropy from the beginning of the liquid stage—until the tra: 
formation into a saturated vapor is complete. This indicates t! 
the so-called “heat of the liquid” plays its part in increasing t 
volume of the fluid when the opportunity presents itself. 

It is interesting to note that in the entropy calculations deseriled 
the factors of heat and temperature are absent. Possibly t! 
may enter indirectly through the volume ratios. 

There may be a more exact value for ¢—Equations [1] and [2 
than 0.2, but inasmuch as it gives results differing from thos 
recognized authorities less than these authorities differ from each 
other, its convenience justifies its use. 

There are indications that some similar relation may exist 
tween the volume and the entropy of superheated steam, but 
is perhaps not so simple and direct. The relation changes \ 
abruptly and very substantially at the instant that the regio! 
superheat is entered. 

This volume-entropy relation was not evolved by any scientiic 


ization. 
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investigation. 
accidentally, 


It is merely something on which the author stumbled 
and which on looked interesting. It 
is passed along in the hope that it may suggest a new line of thought 


examination 


to some one who is skilled and experienced in research work of this 
general character. 


Henry bk. LonGweui 


Eastwood, N. ¥ 


STRESSES IN ELECTRIC-RAILWAY 
MOTOR PINIONS 


(¢ niinued from v 


elastic method had predicted is to be found in the fact that beyond 
limit the stress-and-strain relation 


Therefore the stresses set up in the steel pinions by 


the elastic no longer follows 
Hooke’s law. 
+} 


e shrinking process no longer correspond with’ those set up in 
| | | 


he celluloid model 


While the flat sl ape of the break in Fig. 9 is one limiting case 
que without radial shrinking pressure), Fig. 8 may be considered 
s the other limiting case (radial shrinking pressure without torque 


Wing & V-shaped fracture for which the of the V has be- 


angle 
me ¢ qual to zero 
It may be concluded, then, that the inspection of the fracture may 


ieans of determining the cause of the failure. 
sibly 


a In this way, 

, the responsibility may be established between builder and 

istomer as regards pinion mounting. 

lhe complete paper includes a detailed stress analysis which shows 
comparative ease with which such a stress problem as the one 


ilt with can be 


handled by the photo-elastic method, whereas 
e use of ordinary engineering methods gives untrustworthy re- 
ts and the 


elasticity 


exact mathematical solution based upon the theory 


is impossible. 
\cknowledgment is due to the Massachusetts Institute of Tech- 


wy lor 


permission to use in this article certain of the results 
luded in the thesis submitted by Dr. Paul Heymans, University 
Ghent, Belgium, as partial fulfilment of the requirements for 


egree of Doctor of Science from the Institute 


Discussion 


discussion, A. L 


the lMmMportance 


Kimball, Jr., one of the 


ithors, stat 


'e OPENING the 

i of the investigation out- 
{in the paper lay mainly in the determination of perfections of 
garded stress. The similarity of celluloid to steel 
e homogeneity of its elastic properties made it possible to study 
ss dis in the celluloid models. Mr. Kimball stated 
possible to study static stress distribution to gain 


on design as re 
tribution 


rmation about stress due to impact as under both conditions 
stress distributed itself in substantially the same way. 

answer to some questions asked by J. O. Madison,’ Dr. 
mans stated that the celluloid models were mounted on steel 
ts and that some of the differences in color indicating stresses 
he models were due to variations in age of the celluloid used. 
Madison stated that in his practice railway pinions were 
ed on shafts by first boiling in water, putting them on hot and 
ng with a given number of blows of sledges of definite weights. 
O. Waters? emphasized the possibility of using the photo- 
tie method to determine facts relating to stresses, pressure 
distribution, and wear. Dr. A. A. Adler® suggested the rotation 
ol the celluloid models and the securing of pictures under actual 
operating conditions. He also emphasized the need for solving 
before considering stresses in three- 


-dimensional stresses 
dimensions. 

this connection Dr. Heymans pointed out that in the three- 
dimensional elastic problem the stress distribution was not inde- 
pendent of the elastic constants of the material so that any determi- 
nations in celluloid might not be applied to other materials with 
different elastic characteristics. 
in a w.itten discussion received subsequent to the meeting Dr. 


New York, N. Y. 


* Asst. Prof. Machine Design, Yale University Jun. Mem. A.S M.E. 
Consulting Engineer, New York City Mem. Am.Soc.M.E 
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S. Timoshenko! pointed out that the photo- lastic method of ar il- 


ysis of two-dimensional problems had a broad application within 
limits and it was important that these limitations be clearly under- 


stood. The method failed where the elastic limit of the material 
under test was exceeded. Dr. Timoshenko suggested that two 
observations be made by the authors, including the stress distribu- 


tion from some external force acting on the tooth of the pinion 


and the stress distribution for similar pressure acting on the inner 


diameter. From these observations it was possible to obtain stresses 


at any point of the pinion by the vector sum provided the resultant 


stress lay within the elastic limit He also pointed out that the 


presence of shafting would cause three dimensional stresses at the 
common boundary of pinion and shaft, rendering the photo-elastie 
method invalid. He also pointed out that in a study of the effect 
of pressure acting on the inner diameter it would have been valuable 
to have compared the pinion with a ring, the outer diameter of 
which was equal to the diameter at the root of the teet] 

In a plastic material, such was steel, it was impossible to foretell 
that a given sectior vould prove weakest at the bre iking poi of 
the material, because tl ection contained the maximun . 
when the body was st ed within the elastic limi Chet ( 
the photo-elastic results could not « ! ny rupture tests on speci- 
men. Moreover, no conclusions could be reached from the tests 
themselves. In all, only three wer ide and it seemed to hi hat 
on the basis of these alone, it was just as pre e that the breaks 
through the thicker sections had been caused by t] il stresses in 
the materials as by the stresses produced by the applied forces. 

The present paper would be of direct benefit to the designing 


engineer if, for any given tooth shape, it gave him a definite relation 


between the actual stresses across the Minimum cross-section” of 
the tooth and those obtained bv calculation from the eantilé ver 
formula. lor examy le, taking the depth of the tooth above the 
cross-section considered as equal to 9 1n., the thickness eq ial to 


in. and the load at the end equal to 1500 Il the maximum 

stress obtained from the cantilever formula would be 
1500 f} 
: 10.500 Ib per sq. i 
l 

Comparing this with the stresses 72,600 and 80,000 given by the 
photo-elastic method, it would be seen that the increase of maxi- 
mum stress due to the local stresses near the root of thet oth, over 
that given by the cantilever formula was respectively 79 per cent 


and 98 per cent 


WORK OF THE A.S.M.E. BOILER CQDE 
COMMITTEE 


HE Boiler Code Committee meets monthly for the purpose of consid- 
ering communications relative to the Boiler Code. Any one desir- 
ing information as to the application of the Code is requested to communi- 
cate with the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th 


St., New York, N. Y. 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of The 
interpretation, in the form of a reply, is then prepared by the Com. 
mittee and passed upon at a regular meeting of the Committee 
This interpretation is later submitted to the Council of the Society. 
for approval, after which it is issued to the inquirer and simultan- 
eously published in MecHANIcAL ENGINEERING. 

Below are given the interpretations of the Committee in Cases 
Nos. 408 to 410 inclusive, as formulated at the meeting of December 
8, 1922, and approved by the Council. In accordance with the 
Committee’s practice, the names of inquirers have been omitted. 


the members of the Committee. 


Cass No. 408 


Inquiry: What thickness is required under Par. M-3 of the Code 
for Miniature Boilers for the plaie forming heads which are not an 
(Continued on page 149) 


1 Consulting Engineer, Vibration Specialty Co., Philadelphia, Pa 
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The Engineer of Tomorrow 


EAN Kimball in his presidential ad- 

dress last month made a_ keen 
analysis of conditions prevailing in our 
modern life. He showed that the engineer 
has done his part in the past to bring 
about the civilization in which we live. 
The importance of the engineer in present 
activities was indicated, and he pointed 
out the larger sphere of action which the 
engineer should logically take in the 
future. In public affairs the military 
leader, the legal leader, and the business 
or financial leader must give way to the 
scientific or engineering leader. 

Dean Kimball’s statements have met 
with criticism and question. An editorial 
in a daily paper of one of our large industrial cities says that an 
engineer is a practical man who sees the things that need to be 
done and goes ahead and does them, but that he is not fitted 
temperamentally or by training for political positions of service. 

What the engineer will be and what he will do depend upon the 
engineer himself. The engineering criterion of fitness and quality 
will be applied and if the engineer does play a leading part in the 
future, it will be because he is worthy of it. 

What type of a man will the engineer of the future be? It is 
significant that the presidential address was delivered by one of 
our foremost engineering educators, by one who is directing a 
factory which is making engineers of the future. Whether his 
vision of a future in which the engineer will be a national leader 
will be realized will depend in large measure upon whether Dean 
Kimball himself and his associates in the engineering educational 
field are successful in giving men the training and the vision which 
will fit them for national leadership. 

The engineer of tomorrow is the engineering student of today. 
The place which engineers will take in the future and the part 
they will play in solving the larger economic, social, and govern- 
mental problems which the spread of engineering has created, will 
depend upon how the engineering student of today develops into 
the engineer of tomorrow. 

The importance of this matter is one which extends far beyond 





Scott 


Cuas. F. 
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and 
society at large have a profound concern in the ideals and the 


the schools themselves. engineers, engineering societies, 


training of the engineer. The Society for the Promotion of Engi- 
neering Education, of which Dean Kimball is a vice-president, has 
Joard of Investigation and Coérdination for the 
broad consideration of problems of this kind 


just organized a 


If engineers are to take an important place in the future of this 
country and of the world we may well ask that a survey be made 
of the number and type of engineers that will be needed. We should 


ascertain whether our schools are now equipped for producing the 
proper number of men of the right kind. If more are needed or if 
a different type of graduate is called for, then we must have 
freshmen, and freshmen of a different type 

The members of this Board are M. E. Cooley 
the A.S.M.E.; F. W. MeNair, President, Michigan 
Mines; D. C. Jackson, Massachusetts Institute of Technology; 
John H. Dunlap, Secretary, A.S.C.E., and C. F. Scott, Yale Uni- 
versity. Dean Bishop, Secretary of the S.P.E.E. is also secretary 
of the Board. It is interesting to note that three of the members 
of the Board are members of the A.'S.M.E. It is hoped that the 
Board will later on have funds for a director and staff for the carry- 
ing on of the work. One of the policies already adopted is that of 
securing the active coéperation of the schools themselves in the 
study of the new problems which are confronting engineering 
educators. Letters from many engineering schools, now 
published in the 8.P.E.E. Bulletin, show an active and significant 
interest in the new movement. The Board also anticipates the 
coéperation of the various engineering societies and is appreciative 
of the interest which is being taken by the Mechanical Engineers. 


more 


, Past-President of 


College oft 


being 


Cuar.es F. Scort.! 


Engineering Museum Requires Interest and Aid 
of Entire Profession 


HE project to establish an engineering museum has attracted 

wide interest both in the technical and lay press. The matter 
is now in the hands of a Committee of representatives of the four 
National Engineering Societies. 

Most of the comments on the museum stress its importance as 
a storehouse for the records of engineering achievement and as an 
institution affording opportunity for research to the investigator 
or student. The Secretary of the Smithsonian Institute, in a 
recent report, concludes that a museum would be a suitable monu- 
ment showing belated public appreciation of the fact that the com- 
manding place reached by the United States in so short a time is 
due largely to the full development and utilization of mechanical 
power in the exploitation of her national resources. 

However, a writer in the New York Tribune has recently empha- 
sized the high value of such a museum to children in giving them 
an accurate and inspiring knowledge of mechan‘cal processes. H¢ 
has a vision of an arrangement of models of the stages of mechanica 
and industrial developments, a cross-section of the world 
mechanical brain, in the various stages of growth, where n 
boy can spend a day without getting the spark in his sou 
that may ignite the inventive faculty. This writer’s plea i 
therefore, for the location of the museum in the midst of the larges 
number of children, and New York would therefore seem t! 
logical selection. A correspondent has pointed out the industria 
greatness of the Middle West and believes that Chicago should bi 
favorably considered. And there are many other diverse idea 
on the subject, with the problems multiplying as the interest 
increases. 

The Committee of the Engineering Societies has visited t! 
Smithsonian Institute at Washington and, in coéperation with it 
is formulating a plan for a great national museum of engineering 
and industry similar to the Science Museum at South Kensingto: 
London, the Conservatoire des Arts et Métiers at Paris, an: 
Deutsches Museum at Munich, but suited to the needs of thi 
country. The scheme provides a central institution with branches 


/ 


in different sections and proper exchange facilities. 
Ideas regarding the character, scope, and location of the museu! 
Engi- 


and the branches are earnestly solicited by the Committee. 





1 President, Society for Promotion of Engineering Education. 
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neers are also urged to preserve the models and records of their 
original work for eventual deposit in the museum. 

Holbrook IF. J. Porter is Chairman of the Committee, with 
offices at the Engineering Societies Building, 29 West 39th Street, 
New York, N.Y. The representatives of the National Engineering 
Kdward D. Adams and Charles L. Clarke, repre- 
senting the American Institute of Electrical Engineers, Frederick 
A. Delano and Dr. George F. Kunz, representing the American 
Institute of Mining and Metallurgical Engineers; Clemens Herschel 
and Nelson P. Lewis, representing the American Society of Civil 
engineers; and Reginald P. Bolton and H. F. J. Porter, representing 
The American society ol Mechanical engineers. 


Sock ties are 


International Courtesies 


"| HE recent announcement of the appointment of Gano Dunn as 

Local Honorary Secretary in America of the Institution of 
Electrical Engineers of Great Britain directs attention to a particu- 
larly gracious form of courtesy that has just been shown to the 
United States by the British. Another example of this is the 
hospitality extended by the national engineering 
America to the American Section of the Société des Ingénieurs 
Civils de The privilege of the Library and offices are 
extended to the American Section. 


societies of 


France. 
This is reciprocated by similar 
welcome to members of the engineering societies of the United 
States who live in Paris 

Such incidents emphasize again the great common interests of all 
members of the engineering profession which can be broadened by 
till further coéperative effort especially in research and standard- 
zation. The engineer as a professional man is rapidly coming into 
his own sphere of importance in the maintenance and development 
f civilization and these international contacts will be of great 
issistance in maintaining a uniform front in engineering activity. 


International Engineering Congress, 1926 


( N TUESDAY, January 9, in the Engineering Societies Building 
in New York, a conference of engineers most experienced in 
matters relating to engineering congresses was held to discuss the 
plan, scope, and method of financing of a proposed International 
i:ngineering Congress to be held in Philadelphia in 1926 in con- 
nection with the Sesquicentennial of the Declaration of Inde- 
pendence of the United States. The movement for this proposed 
Congress was initiated by the Engineers’ Club of Philadelphia, 
which invited the leading engineering societies to join with it on 
committee to formulate a plan. 
The secretaries of the engineering societies proposed a plan of 
organization for an International Engineering Congress which was 
ihbsequently approved by those societies and adopted at a meeting 
f the temporary organization committee held in Philadelphia last 
mmer. Under this plan, a board of management was appointed 
organize and conduct a congress under the sponsorship of the 
engineering societies, and the board appointed, among other com- 
mittees, a committee on plan and scope. This committee was 
body which conducted the public hearing being announced here. 
The hearing was virtually an exchange of experiences between 
se competent to speak on the subject, and among those who 
lressed the meeting were Messrs. A. M. Hunt, H. Foster Bain, 
Henry A. Lardner, Fred Lavis, A. R. Ledoux, John W. Lieb, 
timer A. Sperry, M. E. Cooley, Charles F. Rand and F. M. Feiker. 
lhe subjects discussed were scope of the Congress, finances, 
tion to meetings of engineering societies, relations with govern- 
tal agencies, and publicity. 


Patent Office Salaries and the Public Interest 


‘HE individual members of the Engineering Societies by giving 
their powerful aid in securing the enactment on February 18, 
‘2, of the Lampert Patent Office Bill, H.R. 7077, helped to stop 
disintegration of the Patent Office by constant resignations and 
ented its complete collapse. Without this help it would soon 
been swamped and ceased to function usefully. 
he Lampert Bill raised the salaries of the Patent Office examin- 
to $3900 per year and stopped the resignations in the upper 
les, Where it was most important to stop them. However, the 


1 
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increase from $2750 to $3900 was by far the larges 


increase that had ever been obtained through any 


t proportionate 


bill in Congress, 


and was all that it was possible to obtain at one time The in- 
creased salary is not sufficient, however, to attract men wh ure 
highly qualified for the work and to induce them to make a life 
career of the position, as they must do in order to reach their 
highest efficiency—in such numbers as to supply all or nearly all 
of the examining divisions. 

The work of an examiner is of great importance to the public 
interest. By having examiners with sufficient scientific and judicial 


qualifications and sound judgment and adequate personality, 
patents will be granted wherever the inventions warrant it, and 
not be refused because the distinctions of the prior art, although 
important, are Such examiners will also 
with sound judgment detect those cases where the distinctions 
between the alleged invention and the prior art are not really 
practical commercial distinctions, but are mere paper differences, 
and will thereby prevent the granting of patents which can but 
result in useless litigation that is expensive not only to the patenter 
and his backers but to the innocent defendant and the Government 
in the waste of time of the courts 


not easily discerned. 


The inventions which examiners must pass upon are often of 
great immediate value, and their ultimate value, through their 
permanent addition to the public domain, are beyond calculation 
Therefore, the administration of the Patent Office under examiners 
of the high type mentioned will increase the market value of patents 
and thereby stimulate the production of inventions in general 
to the great and permanent benefit of the American public. 

It is believed that a salary of $5000 for a primary examiner would 
attract sufficient men of the type described to fill that position in 
practically all of the examining divisions. There is an excellent 
opportunity to obtain that salary for the position by aiding in 
bringing about the enactment of the Sterling-Lehlbach Bill for the 
Reclassification of Governmental Positions and Salaries, H.R. 
8928. This bill has passed the House by a large majority, but in 
doing so the salary for the position of primary examiner was re- 
duced from $5040 to $4600. The Civil Service Committee of the 
Senate has reported the bill recommending a restoration to $5040. 
As the bill affects appropriations, it was also referred to the Ap- 
propriations Committee of the Senate, and has been kept there 
nearly a year by the desire of Senator Reed Smoot to substitute 
another bill which, while having a different scheme of classifica- 
tion, has substantially the same schedule of salaries. 

As the Sterling-Lehlbach Bill has already passed the House, it 
would obviously be much easier to enact than a substitute bill. 
The information is that if sufficient public interest is shown, a 
compromise not affecting the salaries could probably be brought 
about and the Sterling-Lehlbach Bill reported to the Senate; and 
if that is done the Bill can be passed through the Senate without 
great difficulty, after which it seems likely that the House can be 
induced to agree to the larger salaries. 

The Bill has been approved by the following organizations: 

The New York Patent Law Association 

The National Federation of Federal Employees 

The American Federation of Labor 

The Federated American Engineering Societies 

The American Association of Engineers 

The National Civil Service Reform League, and others. 

The engineers, chemists, scientists and manufacturers proved 
with the Lampert Bill that they could induce Congress to pass a 
just and wise measure in the face of intense opposition. There is 
no such opposition to the present bill as there was to that bill 
Each member of each of the Engineering Societies is asked to write 
to Senator Smoot and to one of his own senators urging the imme- 
diate enactment of the Sterling-Lehlbach Reclassification of Salarie 
Bill, H.R.8928. If every member will do his duty, it seems more 
than probable that the bill can be passed and the Patent Offic 
placed on that high plane which its great usefulness warrants. 

The enactment of this bill would raise the standard of all pro- 
fessional service under the Government as well as that of Patent 
Office examiners. Let us all pull together and finish the 
which we have so successfully begun. 


j 


WOrkK 


EpwIn J. PRInDLE.! 
i‘ Chairman, Patents Committee, American Engineering Council 
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Dr. Millikan Awarded Edison Medal 


HI Edison Medal for 1922 has been awarded to Dr. Robert A. 

Millikan, of Pasadena, Cal., for “his experimental work in 
electrical science.”’ The experiments for which he is best known 
are those dealing with the isolation of the electron. 

After receiving the degrees of A.B. and A.M. from Oberlin 
College Dr. Millikan began teaching physics at the University of 
Chicago, becoming professor of physics in 1910 and remaining in 
that capacity until 1921. Since that time he has been director of 
the Norman Bridge Laboratory of Physics and chairman of the 
administrative council of the California Institute of Technology. 
He was granted a Ph.D. from Columbia in 1895 and holds degrees 
from several other universities in this country and Germany. 

Dr. Millikan has written a number of books on physics, besides 
contributing to the technical press on this subject. He has rend- 
ered valuable service as vice-chairman of the National Research 
Council since 1917 and was a member of the board of editors of 
the Physical Review from 1911 to 1914. In 1913 he was awarded 
the Comstock prize for research in electricity. Recently Dr. 
Millikan has been conducting experiments to bridge the gap be- 
tween light and X-ray phenomena. 

Among other recipients of the Edison Medal have been Elihu 
Thomson, George Westinghouse, Alexander Graham Bell, Benja- 
min G. Lamme, W. L. R. Emmet, Michael I. Pupin, and C. C. 
Chesney. 


I.E.E. Appoints Gano Dunn Honorary Secretary 
for United States 


HE COUNCIL of the Institution of Electrical Engineers, of 

Great Britain, has appointed Gano Dunn, president of the J. G. 
White Engineering Corporation, New York City, honorary secretary 
of the Institution for the United States, to succeed the late G. G. 
Ward. 

Mr. Dunn is an eminent figure in engineering and will be able to 
render the Institution valuable service as its local secretary. His 
association with the J. G. White Engineering Corporation dates 
from 1913, and for two years previous to that he was vice-president 
in charge of engineering of the J. G. White & Co., Inc. He was 
born and educated in New York City, receiving the degree of B.S. 
and M.S. from the College of the City of New York, and E.E. and 
honorary M.S. from Columbia. 

As a member of numerous technical societies and organizations 
Mr. Dunn has a wide acquaintance among the engineers of this 
country. He has served as an officer at two international electrical 
congresses, the one at St. Louis in 1904 and that at Turin in 1911. 
He was a delegate to the Second Pan-American Scientific Congress 
in Washington, 1915, and has served on the Nitrate Commission 
of the War Department and on the Engineering Committee of the 
Council for National Defense. He has been a member of the 
International Electrotechnical Commission, vice-chairman of the 
National Research Council, chairman of Engineering Foundation, 
and president of the A.I.E.E., the U.E.S., and the John Fritz 
Medal Board of Award. He belongs also to the National Academy 
of Sciences, the Association of Iron and Steel Electrical Engineers, 
the American Society of Civil Engineers, The American Society of 
Mechanical Engineers, and The Franklin Institute, as well as to 
many other technical and fraternal organizations. 


New Honors for Colonel Dwight and Mr. Rand 


“AN EVIDENT manifestation of the good feeling which exists 

between the technical men of South Africa and those of the 
United States” is the light in which the American Institute of 
Mining and Metallurgical Engineers, in its journal, Mining and 
Metallurgy, views the election of its president, Col. Arthur S. 
Dwight, to honorary membership in the Chemical, Metallurgical 
and Mining Society of South Africa. In the conferring of honorary 
membership upon Charles F. Rand, chairman of the Engineering 
Foundation, by the Association of Members of American National 
Engineering Societies in Cuba, a similar internationality of engi- 
neers is seen. Both of these engineers have been previously hon- 
ored by foreign countries, France bestowing upon each the Cross 
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of the Legion of Honor for distinguished service to France and to 
civilization, and King Alfonso decorating Mr. Rand for his achieve- 
ments in the development of Cuban iron mines. 


Dr. Rosenhain to Lecture in Eastern States 


URING February and March Dr. Walter Rosenhain, head of 

the metallurgical department of the National Physical Labora- 
tory at Teddington, England, will tour the eastern states, lectur- 
ing before various universities and technical organizations on metal- 
lurgical subjects. Dr. Rosenhain comes to this country under the 
auspices of the Institute of Metals Division of the American 
Institute of Mining and Metallurgical Engineers, and will deliver 
the second annual Institute of Metals lecture, on Solid Solutions, 
before that body on February 19. Subjects of other lectures will 
be Hardness and Hardening, The Structure and Constitution of 
Alloys—to be delivered before Franklin Institute on February 
15—Strain and Fracture in Metals, Aluminum Alloys, and Metal- 
lurgical Research at the National Physical Laboratory. His 
itinerary will include Lehigh, Columbia, and Yale Universities, 
Production Club (Waterbury, Conn.), Massachusetts Institute of 
Technology, Case School of Applied Science, American Society for 
Steel Treating (Detroit), University of Illinois, and Engineers’ 
Club of Dayton. 


The Charles A. Coffin Foundation 


(THE General Electric Company, as an expression if apprecla- 
tion of the constructive service which its founder, Charles 
A. Coffin, has rendered the electrical industry, has established a 
fund of $400,000, the income from which is to be used to encourage 
and reward similar services. 

Mr. Coffin, who has been identified with the development of 
the electrical industry since 1882, founded the General Electric 
Company and was its leader for thirty years. He retired from 
active business in May, 1922. The Charles A. Coffin Foundation, 
created at that time by the Board of Directors of the General 
Electric Company, is under the direction of a Foundation Com- 
mittee appointed by the board. The income from the fund recently 
set aside by the company will be distributed annually in four ways, 
as follows: 

1 Eleven thousand dollars in prizes for the most signal contri- 
butions by employees of the General Electric Company toward 
the increase of its efficiency or progress in the electrical art 

2 A gold medal to the public-utility operating company within 
the United States which, during the year, makes the greatest 
contribution toward increasing the advantages of the use of 
electric light and power for the convenience and well-being o! 
the public and the benefit of the industry. The company 
receiving the medal will also receive one thousand dollars for 
its employees’ benefit or similar fund 

3 A gold medal to the electric railway company within the United 
States which during the year, makes the greatest contribution 
toward increasing the advantages of electric transportation 
for the convenience and well-being of the public and th 
benefit of the industry. The company receiving the meda 
will also receive one thousand dollars for its employees’ benefi 
or similar fund 

4 Five thousand dollars to graduates of American colleges and 
tecknical schools who, by the character of their work, and « 
the recommendation of the faculty of the institution whe: 
they have studied, could with advantage continue their r 
search work either here or abroad; or some portion or all 
the fund may be used to further research work at any of t! 
colleges or technical schools in the United States. The fields 
in which these fellowships and. funds for research work are 
be awarded are electricity, physics, and physical chemist: 


The progress report of the United States Coal Commission 
which was issued January 15, is the first tangible result of thus 
experiment in basing important economic legislation upon care- 
ful investigation. John Hays Hammond, chairman, and George 
Otis Smith are the engineers on the Commission. E. E. Hunt, a 
member of the F.A.E.8S. Committee on Elimination of Waste 1s 
Secretary to the Commission. 
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Art and the Engineer 


Kngineering College of the University of 


struck with the artistic atmosphere of the 


Visitors to the 
Cincinnatl are 


buildings. In place of the starkly framed photographs of machines 


1 locomotives which usually add to the scholastic and technical 
tmosphere of an engineering school, they find there paintings in oils 


ind water colors of a remarkably high ordet 


1 


disclose the fact that the paintings in 


plates on the picture most 


ses have been presented to the University by the students 
themselves. 

at the Engineering College of the University 
Cincinnati is of long standing It has been fostered by Dean 
» believes that should be 
timulated in art, music, and literature, not beeause of the 
and relaxation affords, 
but also because a student well grounded in cultural subjects makes 


better engineer. 


This interest in art 


Schneider, whi the engineering student 


r 


only 


joyment which an appreciation of art 
It is possible to introduce him to the liberalizing 
history and literature through the 
a sustained interest in art can be secured only by 
furnishing him with actual and more or less constant contact with 
artistic 

The transforma- 
tion of the corridors 
ll an art gallery 
was started in 1916 
with the mural dec- 
oration of the 
L rary. Upon 
graduation each 
class gives a fund 
Varving from six 
hundred to twelve 
hu dred dollars, 
while various 
groups, such as 
student branches of 


fluences of 


re gular college 
( irses, but 


tl national en- 
gineering societies, 
have donated 
smaller amounts 


These gifts have 
been ¢ ntirely volun- 
tary and have 
resulted in a collec- 
tion of more than 
fifty paintings, only 
six of which have 
not been given by 
the students. 

To maintain the 
excellence of the col- 
lection, the stand- 
ard for permanent 


Glances at the title 





Tue ILLusTrRaTIONS ON Tuts Pace Are REPRESENTATIVE OF THE COLLECTION OF PAINTINGS AT 
THE ENGINEERING COLLEGE OF THE UNIVERSITY OF CINCINNATI 


hanging in the Cincinnati Art Museum has been adopted for pi 
tures in the College of Engineering. The Director and Curator of 
the Museum are consulted in the purchase of pictures. This high 
st undard, and the fact that the pictures become the property ol 
the city of Cincinnati to be hung in perpetuity in a fireproof 
building of the University, have secured the codperation of the 
artists, with resultant benefit to the collection 

The collection is worth study by any engineer who is within 
reach of it, whether he be an art connoisseur or not. The interest 
it arouses among tudents ipparent continuallh is one passes 
through the corridors, is ample proof that it must be effective in 


the lives and works of the engineers who graduate 
sitv. The competitive 


little time 


Univer- 


Irom the 


system of industry in America has left 


ior technical men to study and appreciate the real 
econom value of culture 
that the ideal and 


forgotten 


So rapid has been our industrial growth 
irtistic aspects of industry have sometimes been 


Engineers, however, have recognized for some 


time that wall 
paper and bridges should be beautiful as well as utilitarian—that 
should 
always be the ser- 
vant of 
wherever 


machinery 


man and, 

possible, 
the servant of art. 
The Engineering 
College of the Uni- 
versity of Cincinnati 
is graduating men 
who have learned 
beauty of line and 
color through actual 
contact with it, and 
who carry with them 
into the business 
and industrial world 
an appreciation of 
art which is entirely 
in keeping with the 
dignity of the pro- 
fession they have 
entered. 

To fill properly 
his place, the en- 
gineer of tomorrow 
should be well- 
rounded in painting 
and architecture, 
the arts intimately 
associated with the 
guiding ideals of 
permanence and 
beauty. 
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NewLy Evecrep OFFicers OF AMERICAN ENGINEERING CoUNCIL, GOVERNING Bopy oF THE F.A.E.S. 


Caetani Welcomed by Engineering Council 


Italian Ambassador States Need for Engineering Logic in Public Affairs. 


Mark Second Annual Meeting of F.A.E.S. 


Enthusiasm and Action 


Dean Cooley Re-elected President. Constitution to 


Be Revised. Notable Resolution Adopted Stating Need for Broader Engineering Training 


NTENSITY of purpose and enthusiasm marked the Second An- 
nual Meeting of the American Engineering Council, the govern- 
ing body of the Federated American Engineering Societies, which 

was held in the Cosmos Club, Washington, D. C., for two days, 
January 11 and 12, 1923. The climax occurred during the dinner 
on the opening evening of the session, at which the guest of honor 
and principle speaker was the Ambassador from Italy to the United 
States, Prince Gelasio Caetani, an American engineering graduate 
and for thirteen years engaged in engineering work in this country. 
Following the meeting of the Council, the executive Board met to 
organize the work for the current year. 


THE DINNER 


Dean M. E. Cooley, re-elected President of the Council during 
the proceedings of the day, presided over the dinner at the Chevy 
‘Chase Club. The first speaker of the evening was the Honorable 
John James Tigert, United States Commissioner of Education. 
Mr. Tigert is an able orator and his address was a graphic picture 
of the popular conception of the engineer. He was followed by 
Secretary Calvin W. Rice, of the American Society of Mechanical 
Engineers who gave a résumé of his visit to South America where 
he represented a number of engineering and civic bodies at the 
International Engineering Congress and the Centennial Celebra- 
tion of Brazil at Rio de Janerio. Afterwards he visited a number 
of South American countries and returned with the firm conviction 
that there is a remarkable opportunity for engineering codperation 
with South America. Mr. Rice’s inspiring report appeared in the 
January issue of MECHANICAL ENGINEERING. 

The third speaker was Dr. Elmer A. Sperry who has just returned 
from a trip to Japan where he presented letters of congratulation 
from American engineering societies to the semi-jubilee celebra- 
tions of two Japanese engineering bodies. He in turn emphasized 
the necessity for developing the most intimate relations with Japa- 
nese engineering organizations. 

The messages of international coéperation between engineers and 
the sentiment expressed by Mr. Rice in his talk that an engineer 
visiting a foreign country is the most potent ambassador of peace 
and goodwill was clearly in the minds of those present when Prince 
Gelasio Caetani rose to begin his address. His fellow engineers gave 
him a sincere and warm welcome to the country where he had spent 
the best year of his life, leaving it only at the call of duty to per- 
form feats of wisdom and valor for his own country in the last war. 
He returns as the representative of the Mussolini government and 
those who were privileged to meet him and hear him were convinced 
that his stay will be fruitful to both Italy and the United States. 
His personal charm and his sincerity held his audience and at the 
close of his speech he was given an enthusiastic ovation. 


Address of Prince Gelasio Caetani 


Your kind invitation to be a guest at the annual banquet of the 
Federation of American Engineering Societies reached me while | 
was preparing to leave for the United States. I read it with deep 
satisfaction for it made me feel that, besides sailing for America as 
Italy’s Ambassador, I was going home to my old stamping grounds 
somewhat still invested with the qualifications of an engineer. 

We pride ourselves in saying: “Once an engineer, always an 
engineer.’ Whatever may be the course of life followed by any of 
us, it will always be marked by the indelible seal of the scientific 
practical and logical training to which an engineer is subjected 
during the early years of life. 

Some have made the remark in criticism that engineers lack poli- 
tical intuition and ability; I would answer that a larger dose of logi 
and positiveness applied to politics would bring great advantages to 
public affairs. 

Between Italy and the United States there has never existed 
political rivalry or serious commercial competition; our relations 
have been confined almost exclusively to contacts of labor, of engi- 
neering, of commerce, of science and of art. Much can be accom- 
plished to the mutual advantage of our peoples; a large share of tl. 
success will depend upon the codperation of tae engineers and | 
know that I will always be able to rely on your goodwill. 

I do not hesitate to state that Italy and the United States are 
present the most youthful nations of the world. Italy is the old 
one in history and three times has ruled the world; once political! 
once spiritually and once intellectually. However, as a politi 
and social unit Italy did not exist from the fal! of the Roman | 
pire to the middle of last century; as race and as nation it had an 
enforced rest of some fourteen centuries. With the forming of its 
national unity in 1870 it awakened to a new life; born again : 
new being to play its role in world’s history, it is healthy, fertile 
exuberant of youthful energies. The best proof of this is give 
the latest events which led to the establishment of a new nati 
government. The younger and healthiest part of the people 
bulk of the nation, openly rebelled against.the old ways which 
leading Italy into a critical condition; not only bolshevism and 
archy have been wiped off the map, but also demagogy and all 
grade politics aiming to the fostering of party and class inter: 
In an amazingly short time a complete change of all orders of t! 
was effected, not a miraculous revolution, as some people 
thought to style it, because the events were nothing more th 
sudden realization of what had been the deep desire and the w 
the people to which circumstances so far had not allowed expres: 
An event that within 24 hours raises the quotations of govern! 
securities and restores peace and general confidence, without a drop 
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of blood being shed or a windowpane broken, cannot be styled a 
revolution. 

The other youngest nation in the world, I was saying, is the 
United States, the new great power of the history to come; un- 
limited in its financial powers, unrivaled in its capacity of organiza- 
tion and technical knowledge, wonderful in the possibilities of its 
Vast empire The cooperation of these two young countries will 
lead to remarkable results; both our people are laborious and have 
an inventive, engineering turn of mind. 

Italy’s largest asset is the remarkable quality of its people's 
sober, intelligent, 


labor; 
hardworking and plastic the Italian peasant ol 
workman will in an incredible short time 
ever he is called to do. 


become efficient in what- 


Of all this many Americans are perhaps not vet fully aware for the 
reason that the wave of Italian emigration which shortly preceded 
the war was so sudden that it was not utilized to best ad\ 

Much however is still to be done in Italy itself; its resources ar 
far from being fully developed and there are many opportunities 


intage 


for American capital, machinery and technical organization to be 
usefully applied in Italy. 

The electric industry in our country has made rapid strides and 
is to percentage of utilized water power, Italy ranks, I believe, 
foremost in the world. Its use results in an economy of about two 
billion lire, otherwise necessarily spent on fuel imports. 

In 1898 the electric energy developed in Italy amounted only to 
87,000 kw.; it increased to 426,000 kw. in 1908, to 1,240,000 kw. 
n 1918 and power plants for some other 1,000,000 kw. are planned 
or under construction. About 800,000 kw. are still to be developed. 
On the Tirso in Sardegna a reservoir of 

ipacity is being constructed. 


416 million cubie meters 
It will be the second largest in the 
world, ranging immediately after the Assuan dam and will develop 
some 50 million kw-hrs., and irrigate 60,000 acres of land. In the 
Trentino a reservoir is to be constructed on the Noce torrent of 180 
million cubie meters capacity. The dam, 400 feet high, will be 
practically a concrete wedge driven in a mountain gully, measuring 
less than sixty feet wide at the base and only 100 feet wide at 300 
feet above the bottom. In Southern Italy the large reservoir in 
mstruction on the Sila mountain will develop over 110,000 kw. 
d irrigate large tracks of fertile land. 


Another interesting plan 


which is gradually being carried through is to connect the northern 
power plants, fed by the summer streams of the Alps, with those 
of central Italy where water is plentiful in winter and rather poor 
in summer, by a network of high tension lines and by standardiza- 
tion of voltage to obtain a better seasonal compensation than could 
be secured by the use of even very large reservoirs. 


Railroads are to be electrified and telegraphs and telephones are 
be reorganized then gradually handed over to private enterprises; 
experience has proved that state administration of industrial con- 
cerns ends always in a financial and technical failure. 

{ should mention also the large works for reclaiming waste or 
marshy land by irrigation or drainage. There are 148 enterprises 
of this kind in Italy for the reclamation of some three million acres 
of land; of these 35 have been completed covering an area of about 
520,000 acres. 

My experience in the United States has been my most valuable 
asset in life. Before leaving Rome, at a dinner given to me by the 
Italian engineers, I exhorted the young engineers to get a few years 
of practical training in America. I hope you will do likewise by 
encouraging your students and graduates to spend some time in 
Italy as nothing broadens the mind more than to breathe an atmos- 
phere different from that of one’s own town and country. Italy’s 
atmosphere is vibrating with wonderful reflexes of a long and glor- 
ious past and full of promise for a remarkable future. It is a great 
art in life to single out and appreciate other people’s good qualities 
and try to make them your own. Similar intercourse between 
our young students who, in a few years, will be the active men of 
our countries, will be a powerful factor in reaching the principal 
and ultimate aim I will have in view in carrying out my duty as 
Ambassador, that is to strengthen the bonds of friendship and es- 
teem between Italy and the United States. 


Tue Business SESSION 


The opening event at the first business session on January 11 
Was the presentation of a report by President Cooley, who told of 


achieved in the work of the Council during the past year. In 


addition to the routine matters handled by the ofhies 
Mr. Wallace told of 
report on Waste in Indu try and the 
He stated that the Council was firmly est 
official Washington 


striving to give disinterested service for the c 


executive 
the international interest expressed in 
Twelve-Hour Shift 
iblished in t 


as the representative of profes 


dustry 
mind of 
that was 
rood. He related the efforts in presenting the facts about a nat 
hydraulic laboratory for the study of river flow and the sue 
outcome of the struggle on the floor of the House of Representat 


lor 


an increased appropriation for topographic mapping HH 
pointed out however, that while the general information 
engineers about the Council and its work was very much bette 


during 1922 than in preceding years, still there was a very sever 
problem of conveying to every engineer in the United States the 
importance, the significance and the potentiality of the Federated 
American Engineering Societies and the American Engineering 
Council, its governing body 

The report of the treasurer, W. W. Varney, 
about five hundred dollars for the 


the day a budget for the 


showed a balance of 
fiscal year of 1922. Later in 
1923 of The 
representatives of the local societies signified their willingness to 
pay the full assessment of one dollar per member instead of accept- 
ing a reduction voted. 


year $45,000 Was approved, 


ELECTION OF OFFICERS 


Under the interpretation of the Constitution that the ineligi- 
bility of a president for re-election does not apply when the present 
incumbent is filling out an unexpired term, Dean Mortimer E. 
Cooley was re-elected as president of the American Engineering 
Council for a term of two years. Dean Cooley is a member of the 
The American Mechanical Engineers 
Calvert Townley of the American Institute of Electrical Engineers 
Philip N. Moore, of the American Institute of Mining and Metal- 
lurgical Engineers and Gardner 8. Williams of the Detroit Engineer- 
ing Society were elected as vice-presidents. Mr. Williams was 
chosen to fill the unexpired term of Dean Dexter 8. Kimball of one 
year and the others will the term of two years. Dr 
Harrison E. Howe, of the American Institute of Chemical Engineers 
was elected Treasurer. 


delegation of Societ V of 


serve 


PUBLICATIONS 


Several times during the meeting the question of the scope and 
character of a publication for the Council was taken up and dis- 
cussed. The representatives of the local engineering societies 
were convinced that a publication was vitally essential and seemed 
in agreement that it be frequent and of small size. Many ex- 
pressed the opinion that a publication was the answer to the prob- 
lem of getting and holding the interest of the individual member 
of the constituent bodies. The matter was thoroughly discussed 
and was left to the executive board for the determination of a policy 
The present monthly bulletin is to be continued and a resolution 
was passed which will make it possible to secure second-class mail- 
ing rates. The Council also favored the suggestion that a joint 
news publication of the national engineering societies and the 
F.A.E.S. be established. 

REVISION OF CONSTITUTION 

The Council acted favorably on the recommendation of the 
Executive Board that a committee be appointed to revise the 
constitution of the Federated Engineering Societies. In the dis- 
cussion of this motion it was apparent that the members of the 
Council were in agreement that this be no mere editing but a 
thorough revision based on a study of the fundamental principles 
that have been established during the two years of the Council’s 
operation. One action of the Council which may have some effect 
on the revision of the governing laws was the passage of a resolution 
that advice and assistance be solicited from each constituent body 
in so far as this can be done without delaying action. 
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his visits to many local engineering societies during the year He 
ealled for the support of each member of the Council in interesting 
and inspiring the engineers of the country in the tremendous pro 
lems that are facing present day civilization. 

Secretary Wallace then related the progress that had been 
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Two revisions of the by-laws amounting only to interpretations 
were passed and one change relating to allied technical organizations 
in foreign countries was laid on the table. It was also decided to 
provide by constitutional amendment for alternates both for mem- 
bers of Council and for the Executive Board. The consensus of 
sentiment favored the practice of alternates to the Executive Board 
being members of the Council. 


GOVERNMENT ACTIVITIES 


Several very important actions of the Council related to activi- 
ties of the Government. 

The Council passed the resolution proposed by a committee of 
the Council at the request of the Boston Society of Civil Engineers 
recommending that the administration of the Federal Water Power 
Act be rendered more effective by the maintenance of a permanent, 
adequate, trained personnel solely for this purpose. 

A second resolution recommended that the Bureau of Foreign 
and Domestic Commerce be authorized to collect and disseminate 
facts relating to the operation of business. 

Compensation and classification of government employees, es- 
pecially engineers and patent examiners, was given long and care- 
ful consideration. The Patents Committee pointed out the need 
for high grade examiners in the Patent Office which the present 
government regulations will not permit. The importance of uni- 
form rates of pay for similar kinds of work in different departments 
was also emphasized. Accordingly, the Council passed a resolu- 
tion recommending to Congress that adequate rates be provided for 
the technical employees of the government. 


REFORESTATION 


The Committee on Reforestation reported a program by which 
the entire engineering profession and the public will be educated 
as to the need for immediate action in reforestation. The per- 
petuation of the timber supply of the country is a problem that 
vitally affects, not only the industries that use lumber but also the 
water supply and the water-power of the future. 


INDUSTRIAL IDEALS AND EDUCATION 


Perhaps the most important pronouncement of the Council 
during the recent meeting was the resolution proposed by the Com- 
mittee on Industrial Ideals. This resolution relates primarily to 
the increased present day responsibility of the engineering edu- 
eator. Many times in discussion of other topics, this responsi- 
bility was emphasized and after the passage of this resolution, 
Professor C. F. Scott, a delegate of the American Institute of Elec- 
trical Engineers and President of the Society for the Promotion of 
Engineering Education told of the remarkable plan developed by 
the last named society for the preparation of a statement of the 
fundamentals of engineering education, vital if the engineer is to 
undertake his great responsibility in the maintenance and develop- 
ment of civilization. 

The resolution follows: 


Resotvep THat: The American Engineering Council by 
meeting on January 11, 1923, 


Engine € ring Societies, 


action at its 
desires, on behalf of the Federated American 
to bring to the attention of the engineering colleges 
throughout the country the need of pointing engineers toward leadership in 
public affairs. 

For a century engineers have directed their energy toward the utilization 
of the physical forces and the materials of nature. The developments 
which they have brought about have created an epoch in human history. 
While these developments have been of inestimable benefit, and modern 
society could not exist without them, they have introduced many public 
problems and social readjustments, so closely related to the engineer's 
activities, that it is increasingly evident he must assume an active part in 
their solution. 

Recognizing this growing need, the engineers of the country formed the 
Federated American Engineering Societies, primarily to place their knowl- 
edge and training at the public service on all public matters affecting engi- 
neering, or affected by it. 

Engineering education, reflecting closely the attitude of engineers hereto- 
fore, has confined its work almost exclusively to scientific and technical 
training, giving little, if any attention to the social and human aspects 
of engineering enterprises The American Engineering Council therefore, 
speaking for the engineering profession, urges upon engineering colleges an 
increased attention to the social aspects of engineering activities, and a 
broadening of their technical training, in every way possible, to develop 
in engineering students the spirit of, and a capacity for, active leadership 
not only in industry, but in public affairs. 
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Wellman Memorial Meeting 


A notable meeting in honor of Samuel T. Wellman, Past-Presi- 
dent A.S.M.E., was held in Cleveland, Ohio on Tuesday Evening 
January 9th, by the members of the local sections of national 
engineering societies coéperating with the Cleveland Engineering 
Society in a series of meetings on the ‘Iron and Steel Indystry,” 
which are being given by the Associated Technical Societies of 
Cleveland. The Sections cooperating were: 

The American Association for Steel Treating, 

The American Chemical Society, 

The American Society of Mechanical Engineers, 

The American Institute of Mining and Metallurgical Engineers, 

The American Association of Iron and Steel Electrical Engi- 
neers. 

The attendance was large and among those present were many of 
the prominent engineers of Cleveland and the vicinity, especially 
the older men who had known Mr. Wellman and his achievements 
Irom personal observation over a period of many years that they h id 
together struggled in not only the development of the steel 


’ llh- 
dustry but also of the many devices originated in Cleveland, 


which 
have contributed so much to the success of the iron and steel in- 
dustry in America. Mr. Wellman was Past President and also an 
Honorary Member of the Cleveland Engineering Society 

The meeting was presided over by Mr. F. L. 
the Cleveland 
engineers. 

The first speaker was Mr. James H. Stratton, a former associate 
of Mr. Wellman and Engineer of Construction at the Wellman- 
Seaver-Morgan Co., Cleveland, Ohio. Mr. Stratton in his very 
fitting remarks regarding Mr. Wellman, stated that one of the best 
records we have of his achievements were written by Mr. Wellman 
himself for use in his presidential address! before the Annual Meet- 
ing of the American Society of Mechanical Engineers in December 
1901. 

The first speaker was Ambrose Swasey who had been a life-long 
friend of Mr. Wellman. Mr. Swasey related many incidents that 
occurred in their extended travels together which displayed the 
remarkable qualities of the man. In closing, Mr. 

“Mr. Wellman built along broad lines, with noble purpos 
He gathered himself friends who were the captains of the steel i 
dustry, such as Alexander Holley, Captain Jones of Pittsburgh, ar 
John Fritz. It was Mr. Wellman who called a number of prom 
nent engineers and manufacturers together to give considerati 
to the celebration of Mr. Fritz’s eightieth birthday. The outcon 
of that conference was a dinner held in the fall of 1902 to celebrat 
that birthday and at that dinner, the John Fritz medal was 
tablished, the greatest in the the 
America.” 

The splendid, exceptional steel which Mr. Wellman produce 
the wonderful mechanisms which he designed and constructed a 


Sessions, Chairman of 


Section of the American Society of Mechanical 


Swasey sald 


i 


honor hands of engineers 


sent out into the world, contained those same genuine, dependa! 
qualities which Mr. Wellman possessed to such a remarkable degr: 
And how true are the words of the young poet Longfellow as | 
gards Mr. Wellman’s life and work, “‘We potters make our pots 
what we potters are.”’ 

Mr. Clifford C. Smith paid a tribute to Mr. Wellman’s foresig!:t 
shown in his work of improving and developing the basic op 
hearth process, the open-hearth charging machine, the ingot char: 
for the blooming mill and the lifting magnet for handling st 
He also testified to Mr. Wellman’s knowledge of paintings, pottery 
and photography and architecture and the manner he stimula‘ 
admiration for these finer things in all those with whom he had 
contact. 

The other speakers were John McGeorge, E. Francis, F. Moeller, 
A. D. Hatfield and W. G. Hildebran all of whom had been closely 
associated with Mr. Wellman in various capacities. They related 
many of the intimate incidents of his life that showed his all around 
greatness. 

In later meetings of the year, the Cleveland Sections of the 
National societies will discuss the technical phases of the iron d 
steel industry. Each section will have charge of one meeting. 
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1 Transactions, A.S.M.E., vol. 23, p. 78. 














Standards tor Herringbone Gears for General Commercial Use 
Proposed by the A.E.S.C. Sectional Committee on the Standardization of Gears 


"HE May, 1922, issue of MECHANICAL ENGINEERING contained 


16 
reprints of the first five gear standards prepared by the Sectional 10 Active Face. Minimum width of active fac p 
Committee on the Standardization of Gears for which the American 
‘ . ore ‘ NotTE Total face is the width of the gear including the groove 
Gear Manufacturers Association and The American Society. of 


Meck IE Active face equals the total face minus the width of the groove 
Jlechanica Mgineers are joint Sponsors 7 ‘hese ve standards ' " . ’ 

‘ } ieee ve indard 11 Groove. The width and depth of groove in center of blank 
for gears cut with hobs at right angles to the axis of the gear are 


given in Table 2. The letters A, B, and C in the table refer to 


having been carefully revised as a result of the criticisms and sug- 
gestions received are now before the Sponsor Sodies for final ap- 
proval and submission to the American Engineering Standards 


Committee as Tentative American Standards = 

At the September meeting the Committee put the finishing B > + A suk. 
touches to the sixth of the gear standards to be completed, and it : 
has recently presented to the Sponsor Bodies this proposed standard Cc *, 


for Herringbone Gears for General Commercial Use. This standard 
Is printed below in full for the information of the readers of Mrecu 
ANICAL ENGINEERING and also to enable them to eriticise and i 
comment on this proposal to the Sponsor organizations. All 
communications should be addressed to Mr. C. B. LePage, Assis 
tant Secretary, The American Society of Mechanical Engineers TABLE 2. DIMENSIONS OF GE 
29 West 39th Street, New York 


STANDARD Tootrn Form 


1 Pressure Angle. The pressure angle in plane of rotation 
gear equals 20 deg ‘ 
Nore: The angle of the cutting tool in the normal plane of the 
gear at the pitch is 1S deg. 31 min 
ONS 
2 {ddendun j 
, ’ 
Notre: P diametral pitch in plane of rotati 
TABLE 3 DIMENSIONS OJ ROOVI 
| 4 , al , 
10 : in angie to axis cqua 
} Dedendum Pp iametral 
pitch 
nch 
0.2 
1 ('learance S 
P 7 
= L.S ‘ . 
) Mi hole Depth = 2 
] P 
h Hel ca Angle The helical ingle ol teet] with “HXIsS equals 
twenty-three (23) degrees > 
Nore: The helix angle of a helical gear is the angle between 
the helix at the pitch diameter and a plane which contains the 
axis of the gear 
Enlargement for Pinions. The enlargement for pinions rABLE 4 TOOTH-FORM AND SPEED FACTOR 
th 17 teeth or less is given in Table | VALUES oF } 
sD ’ 
Nore (a): Enlargement for any given pitch is found by divid Bl ie 
ing the value given for 1 pitch for the number of teeth desired teeth } teeth 
by the pitch required 12 ) O78 9 11 vt Lin { } 
NoTE h Calculate the outside diameter as usual, then add 13 ). US0 + 0.114 —— — + 4 714 
nae larce sail th 1 } i | ; 14 tO) OSS $4 O.LLS 200 OAs 13K { HY 
@ amount ol enlargement to 2 pinion and subtract the same 1s 0 092 ss 0.122 m 0.909 1400 0 681 
amount from the gear Use only when pinion has 17 teeth or 16 0.004 13 0.126 100 0 882 1500 0.666 
eas 17 0. O08 “th 0.130 yw () S37 1A00 0.652 
lS Oo OOS “Ho 0.134 Hon Oo S33 1700 1) 6328 
(+k ar-Bi NK DIMENSIONS 19 0.100 , 0.138 TOO 0 S11 1800 0.625 
) 0.102 10 0.142 Si 0.789 1900 0.612 
21 0.104 1 0. 14¢ 900) ’ 769 2000 0. 600 
. ‘ \ 23 0.106 10 0.150 LOO0 0.750 
Pitch diameter = P 25 0.108 Rack 0.154 
VALUES OF S 
Note: A number of teet! Chrome-nickel heat-treated steel, (S.A.E. 324 $0 ,0U 
%) C forged steel (S.A.E. 1045 25.000 
\ + | h 30 C forged steel (S.A.E. 1030 20,000) 
(dutside diameter Cast steel, A.S.T.M. Class A 15.000 
P Gray iron x 000 
Bronze, 88-10-2 8,000 
rABLE 1 ENLARGEMENT FOR PINIONS 12 Groove. The width and 
Dr ETRAL Pre : 1 
M N f anna, Seven depth ol groove in center ol blank 
\ 10 0. Oo 
a Teeth in for gears cut with single-threaded 
ee Melt Ges fi 3 4 2 ‘ l'/s l l ‘ 
‘ elting Gear 10 J 6 > 4 ; 2 ' - ba bel 4 hobs set at proper angle wit! 
28 1181 .1478 .1976 .2364 .2954 .3382 .3938 4726 5906 .6762 -.7882 .945 1.181 —_— “a ' 
® 27 1064 .133 1782 .2128 .2662 .3046 3548 .4258 .5322 .6004 .7102 8514 1.064 axis of gear are given in Table 3 
9 26 0947 L184 1586 1894 2368 .2712 3158 .379 47360 5424) «66322. 7578 9471 The le = A. B. and ( ae 
f 25 O83 1038 .1392 .1662 .2076 .2378 .2768 .3322 .4152 .4756 .5542 .6642 8302 ie letters A, 5, ane reier to 
24 0713 Os892 1196 1428 1784 2044 2378 2854 S568 4088 4762 59706 7132 Fig | 
be 23 0596 0746 1002 1194 1492 171 1988 2386 2982 342 3982 772 5962 4 : Sa bal ; 
i 22 0479 06 OR06 0958 12 .1376 1598 1918 2398 2752 3202 3836 41792 13 (rroove Phe width and 
14 21 0362 (0454 (0612 _0726 .0906 1042 (1268 145 1812 2082 2424.29 — lepth a ' blanl 
20 0245 .O308 (0416 (0492 (0614 (0708 .OS8IS 0982 1228 1414 1644 1964 2453 depth of groove in center of blank 
lf 19 OLZ8 O162 0222 O258 0322 O374 0428 O514 0642 0746 Ost4 1028 1283 
li 18 OO11 0016 .0026 0024 0028 004 0038 .0046 (0058 .0078 .0084 0092 0113 Continued on page 146 
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Engineering and Industrial Standardization 


Codperation between Federal Specifications Board 
and Industry Promoted by A.E.S.C. 


N IMPORTANT step toward the elimination of the differences 

4 4 between specifications for Government purchases and the usual 
practice of commercial suppliers has been taken through the ap- 
pointment by the American Engineering Standards Committee 
of a standing Committee on Codperation with the Federal Specifi- 
cations Board. Such differences in practice between Government 
and commercial orders are often responsible for the statement, 
common in commercial circles, that it costs 10 per cent more to do 
business with the Government than with other customers. 

The members of the Committee on Codperation with the Federal 
Specifications Board are: 

A. H. Hat1, Chairman, assistant treasurer and superintendent of 
distribution, Central Union Gas Company, New York City. 

Joun A. Capp, chief of the testing laboratory, General Electric 
Company, Schenectady, New York. 

SuLLIVAN W. Jones, chairman, Structural Service Committee, 
American Institute of Architects, 19 West 44th Street, New 
York City. 

The appointment of this committee is the culmination of con- 
ferences between Dr. 8S. W. Stratton, Chairman of the Federal 
Specifications Board, other Government officials, and representa- 
tives of industry extending over a period of several months. It is 
expected that in future editions a large part of the specifications 
will go through the regular procedure of the American Engineering 
Standards Committee, in order that the industrial and govern- 
ment specifications may be unified, resulting in truly national 
specifications recognized by industry and Government alike. 

It is the unanimous opinion of the Federal officials and the officers 
of the A.E.S.C. that this codperation between manufacturing 
industries, the Government and other consumers produced a 
widening of the source of supply for all Government requirements 
and in economies running into many millions of dollars yearly. 

The Federal Government is one of the largest purchasers of in- 
dustrial products, both as to the amount and the range of supplies. 
The diversity of the various Government specifications, their de- 
partures from usual commercial production, and the special features 
frequently required became very troublesome to the manufacturing 
industries; this remained true to a large extent until very recently. 
This Board has adopted nearly 40 specifications and is actively at 
work on many more. 

It is the aim of the Federal Specifications Board to bring into 
line with the best commercial practice, not only the specifications 
which are to be approved by the board in the future, but also those 
which have already been approved. The latter will be accom- 
plished when the approved specifications come up for review and 
possible revision. Such review is planned at intervals of one year. 


System for Numbering Steels to be Developed 
Under Procedure of A.E.S.C. 


A SYSTEM of designating kinds or qualities of steels by code 

numbers, each of which would represent a definite specifica- 
tion, will be developed as a result of the decision of a conference of 
the principal producers and users of steel held at Washington, 
D. C., December 6, at the call of the American Engineering Stand- 
ards Committee. The conference recommended that this code 
be developed under the procedure of the A.E.S.C. and suggested 
to that organization the appointment of the Society of Automotive 
Engineers and the American Society for Testing Materials as joint 
sponsors for the code. 

The agreement to go ahead with this project was arrived at 
after a spirited discussion concerning the necessity for and prac- 
ticability of a numbering system. Strong opinions in favor of 
the designation of steels by number were voiced by heavy buying 
interests, such as the U. 8. Navy Department, the Electrical Manu- 
facturers’ Council, the Society of Naval Architects and Marine 
Engineers, the U. 5. War Department, and the Federal Specifica- 


tions Board. It was pointed out during this discussion that ship- 
builders use every conceivable variety of steel. Opposition to the 
inclusion of tool steel was voiced by tool-steel makers. 

The conference voted that it is desirable to have a uniform 
numbering system, based on specifications, for forging steels, 
casting steels, structural steels including plates, tool steels, and 
other steels, this decision, with the exception of tool steels, being 
taken without dissent. Whether the basis for such a numbering 
system should be chemical composition, physical properties, or 
heat treatment was left to be determined by a Sectional Committee 
the personnel of which is to be approved by the American Engi- 
neering Standards Committee. It was also left to the Sectional 
Committee to decide whether there are any existing systems which 
can be used as a basis for numbering codes for any or all of the 
various groups of steels. The question of whether brand names 
can be accommodated to and associated with a numbering system 
was brought up, but the consensus of opinion was that this is not 
practicable. 

The conference was opened by a résumé of present American 
practice in designating steels by Dr. G. K. Burgess, Chief of the 
Division of Metallurgy of the U. S. Bureau of Standards, and a 
résumé of European practice by L. H. Fry, representing the Amer- 
ican Society for Testing Materials. Mr. Fry said that Switzerland 
and Germany have already taken definite steps toward a numbering 
system. The method proposed in Switzerland provides a system 
of symbols intended to be universal and definite, and capable of 
expansion to suit new requirements. In France a method is offered 
by which steels will be numbered with relation to a definite speci- 
fication for the type, augmented by a letter indicating the method 
of manufacture, and a number showing the minimum tensile 
strength. In Great Britain a numbering system is employed for 
aircraft steels, and a tendency is appearing to develop symbols 
for automobile steels. Some limited symbolization is used in 
Holland also. A copy of Mr. Fry’s full report, which is based on 
information obtained from abroad by the A.E.S.C., will be sent 
upon request to the American Engineering Standards Committee 

Dr. Burgess presided at the conference, which was attended by 
thirty-two men representing twenty-two organizations. 

The recommendations of the conference were presented to the 
American Engineering Standards Committee, at its meeting or 
December 14. The Committee took the following action: 

Resolved, That the American Society for Testing Materials and the Societ 
of Automotive Engineers be designated joint sponsors for the developmen 
of a numbering system for forging, casting, and structural steels, including 
plates, but not including tool steels, the numbering system to be based o1 
definite specifications, and— 

Resolved, That for the present the question of developing such a number 
ing system for tool steels be held in abeyance. 


Standards for Herringbore Gears 
(Continued from page 145) 


for gears cut by planing or shaping methcds equal respectivel 
Width = 1'/s in. 
1.8 
Depth = pt suitable clearance. 
14 Horsepower Rating. 
Feet per Minute: 
WV 
Horsepower = ——— 
P 33,000 
—— —_ 
where W = = PFYK 


(Formula safe for wear when well oiled. For grease lubrication multi 
by factor of from 0.8 to 0.62) 
W = load in pounds 


S = working stress (no speed) (See Table 4) 
P = circular pitch 
Y = tooth-form factor from Table 4 


F = width of active face in inches. 
minimum face = 6 P) 

K = speed factor from Table 4 

V = pitch-line velocity in feet per minute 
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For Pitch-Line Velocities up to 2000 


(For continuous contact of te th, 
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~ LIBRARY NOTES AND BOOK REVIEWS 


A Dictionary of Applied Physics 


Dictionary oF ApPpiiep Puysics, Edited by Sir Richard Glazebrook, in 5 
Volumes. Vols. 1 (Mechanics, Engineering, Heat) and 2 (Electricity 
Macmillan Co., London, 1922. Cloth, 6 9in., 1067 pp. and 1104 
pp., illus. Price $15.00 each 


A fundamental work, the various sections of which have been 
prepared by men of international reputation in their particular 
lines. 

The mechanical engineer will be particularly interested in the 
first volume, which covers mechanics, engineering, and heat. As 
an illustration of the extensiveness of treatment of the various 
subjects considered, it may be noted that the physies of the steam 
turbine are treated by Gerald Stoney and Telford Petri in a 20- 
page article, and that the development of the steam turbine is 
discussed by Robert Dowson in an additional 18 pages. Other 
subjects are dealt with on a similar generous scale, both as regards 
the space devoted to them and thoroughness of handling. Many 
of the articles represent a successful attempt to bring together in 
1 concise and craftsmanlike form the latest information on recent 
tendencies in machine design. Such, for example, are the article 
nm the balancing of engines and prime movers (Vol. 1, pp. 252-267), 
y Wm. Ernest Dalby and the extremely interesting contribu- 
tion on elastic constants (Vol. 1, pp. 915-241) by Reginald G. 
Batson. 

One cannot help feeling, however, that certain subjects have 

en treated all too briefly. Tor example, the eleven pages devoted 

the theory of elasticity by R. V. Southwell, notwithstanding 
their interest, do not present the matter as completely as the im- 
rtance of the subjec t warrants. 

It would appear generally that the Dictionary of Applied Physics 
places limits on the space devoted to strictly engineering develop- 
ments that have been extensively covered by treatises: for ex- 

ple, the whole subject of refrigeration receives only 13 pages, and 
even the important matter of cryogenation (liquefaction of gases) 
is handled in eight pages; on the other hand, the subject of the 
realization of an absolute scale of temperature is given thirty-five 
pages. 

Notwithstanding this apparent (and it is only apparent) in- 
equality of treatment, the two volumes thus far issued represent 
not only a tremendous amount of work, but what is more, a fairly 

plete summary of our knowledge of applied physics within the 
range treated, and as such they are on a par with works such as 
Thompson and Tait’s Natural Philosophy. 

\mong the subjects to which considerable space is devoted 
the following may be cited: Ship Resistance, Geo. S. Baker; 
Kinematies of Machinery, Chas. H. Bulleid; Reciprocating Steam 
Engine, Andrew Cruickshank; The Water-Cooled Petrol Engine, 
Aubrey T. Evans; Simple Harmonic Motion, Horace Lamb; Stream- 
Line Motion, Horace Lamb; Friction, T. E. Stanton; Thermody- 
namics of Internal-Combustion Engines, Sir Dugald Clerk; Theory 
of Steam Engine, Sir James A. Ewing; Latent Heat, Ezer Griffiths; 
Conduction of Heat: Mathematical Theory, Horace Lamb; Ther- 
mal Expansion, Alfred Wm. Porter; and Specific Heat of Gases, 
David R. Pye. 


ANaLysis oF RusBer. By John B. Tuttle. 
1922. (American Chemical Society. 
6X9 in., 155 pp., $2.50. 


* 
Cloth, 


Chemical Catalog Co., 
Monograph Series.) 


A detailed critical summary of methods for the analysis of rubber 
and rubber goods, addressed primarily to chemists in consumers’ 
laboratories and to those without previous experience in the tech- 
nology or analysis of rubber. Includes an extensive bibliography. 
In addition to analytical methods, the book contains brief accounts 
of the composition of crude rubber, the preparation of rubber 


——— the theory of vulcanization and methods for physical 
ting. 
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CHAUFFAGE DES CHAUDIPRES AU CHARBON PuLvEéEriIsé By 
Chaleur et Industrie, Paris, 1922. 
diagrams, 4 fr. 25. 


Michel Sohm., 
Paper, 9X11 in., 38 pp., illus., 

The Compagnie des Mines de Bruay has recently installed, 
in its electric plant at Labuissiére, a powdered-coal plant for firing 
its boilers, which is one of the largest in Europe. This pamphlet, 
by the engineer in charge, describes the plant in great detail, to- 
gether with its constituent parts, gives a record of the results ob- 
tained in operation and conclusions as to the merits of pulverized 
coal, 


Diese. ENGINES FoR LAND AND Marine Work. By A. P. Chalkley Fifth 
edition D. Van Nostrand, N. Y., 1922. Cloth, 6X9 in., 330 pp., 
illus., diagrams, tables, oh 


Since the last edition of this work was published in 1915, the 
Diesel engine has been greatly developed and adopted much more 
widely. Many new manufacturers have arisen and many new 
types have been developed. In the present revised edition, these 
new engines have been dealt with as fully as possible and their 
salient features described. In addition to descriptive matter, 
the theory, installation, testing, operation and design of Diesel 
engines are treated. 


ELASTICITY AND STRENGTH OF MATERIALS Usep IN ENGINEERING Con- 
STRUCTION Section 1 By C. A. P. Turner Published by the 
Author, Minneapolis, Min: 1922. Cloth, 69 ir SS pp., illus 
table 


This volume is intended to demonstrate the fundamental prin- 
ciples upon which rational analysis may be founded and to discuss 
the properties of the commonly used materials from the point of 
view of elasticity. It presents, for the first time, a development 
of the relations of residual to elastic strain sufficient to account 
for elastic phenomena not understood heretofore and discusses 
the error resulting from general misunderstanding of these rela- 
tions. Here is also demonstrated, for the first time, that there 
is but one indepe ndent modulus of elasticity for the resistance of 
a homogeneous isotropic solid. The relative value of the coeffi- 
cients for such a body and their modification by residual strain 
are investigated. 


ISNGINEERING INSPECTION By E. A. 
Nostrand Company, N. Y., 1922 


di iwwrams, t ibles, $5. 


Alleut and Cha J. King. Van 
Cloth, 7X10 ir 187 pp., illus., 

Much descriptive matter has already been written on the details 
of the various inspection methods used in different engineering 
works, but the object of this work is to present a convenient de- 
scription of the various principles involved in the inspection of an 
engineering job from the raw material to the finished job. The 
examples given are representative ones, illustrating the different 
principles of inspection and measurement in common use, The 
book is confined to mechanical-engineering operations. 


ENGINEERING WorksHop HanpsBook. By Ernest Pull. Fifth edition. 
D. Van Nostrand, N. Y., 1922. Cloth, 4X7 in., 
grams, tables, $5 


175 pp., illus., dia- 


This little pocketbook is intended for apprentices and machinists. 
It includes workshop mathematics, the heat treatment of metals, 
descriptions of the common tools and machines and of the usual 
operations, lathe work, screw cutting, drilling, planing, milling, 
grinding, etc. The book will be useful to beginners. 


Erupe sur LE BALLon CaptTiIF ET LES AfRONEFS MARINs. 
Lafon. Gauthier-Villars et Cie, Paris, 1922. 
pp., 20 fr. 


By Charles 
Paper, 7X10 in., 206 


Although the elongated captive balloons known as “sausages” 
have been used by the French navy since 1917, there has not ex- 
isted, until now, an exact theory of the equilibrium of the balloons 
watching over moving vessels. The present volume presents 
important scientific ideas upon towed balloons and naval aerial 
tactics. It also contains new data and diagrams of interest in 
the navigation and maneuvers of naval forces. 
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Fiow or Gases In Furnaces. By W. E. Groume-Grjimailo. With an 
Appendix upon The Design of Open-Hearth Furnaces, by A. D. Wil- 
liams. John Wiley & Sons, N. Y., 1923. Cloth, 6X9 in., 399 pp., 
illus., $5.50. 

Upon the basis of extended observations in practice and careful 
experimental researches, Professor Groume-Grjimailo has formu- 
lated a hydraulic theory of flow of heated gases, developed the 
laws governing this flow, and shown how these may be applied 
in designing furnaces for industrial purposes. Extensive appen- 
dices, amounting to over one-half of the text, contain formulas 
and tables upon gas flow and arch brickwork, together with several 
articles by Mr. Williams, treating of the design of open-hearth 
furnaces and hot-blast stoves, combustion and boiler settings, and 
heat-capacity and calorific-intensity curves. 


La Force Morrice ELectriquE DANS L’INpustrRi£. By Eugéne Marec. 
Gauthier-Villars et Cie., Paris, 1922. Paper, 7X10 in., 613 pp., illus., 
diagrams, 55 fr. 

A practical treatise for engineers interested in the industrial 
application of electric power. Intended to explain the fundamental 
characteristics of commercial electric machines, in order to facilitate 
the choice of proper equipment, and to explain how this equipment 
should be installed, operated, and maintained. Includes de- 
scriptions of accessory machinery and equipment, and shows many 
examples of the application of motor drive to various classes of 
machinery. 


Les Héricorréres. By W. Margoulis. Gauthier-Villars et Cie., Paris 

1922. Paper, 6X9 in., 90 pp., diagrams, 10 fr 

Part one of this volume is based on M. Margoulis’s experimental 
investigation of screw propellers, which has enabled him to trace, 
for the first time, the characteristic curves of the most general 
action of a screw propeller. In the second part, the results of 
experience are applied to the study of the flight of a helicopter, 
in vertical and oblique flight. 


INDUSTRIAL APPLICATIONS OF X-Rays. By P. H. S. Kempton. Isaac 
Pitman & Sons, London, 1922. (Pitman’'s Technical Primers.) Cloth, 
4X7 in., 112 pp., illus., 2s. 6d. 

A concise account of the apparatus used to produce X-rays and 
the methods of using them to examine metals, non-metals and 
composite structures of various kinds. A bibliography is also 
included. 


INTRODUCTION TO THE CaLcuLus. By William F. Osgood. Macmillan 
Company, New York, 1922. Cloth, 5X8 in., 449 pp., $..90 

A revision of the author’s First Course in the Differential and 
Integral Calculus. The plan of treatment is the same, but the 
presentation is fuller. The objects of the book are to set forth the 
application of the calculus to problems of geometry and physics 
of the first order of importance, and to make clear the thought 
that underlies the calculus. The book is intended for the engineer, 
the physicist and the student of pure mathematics. 


LUBRICATION AND LuBRicAaNTs. By J. H. Hyde. Isaac Pitman & Sons, 
London, 1922. (Pitman’s Technical Primers.) Cloth, 4X7 in., 114 
pp., illus., diagrams, tables, 7X4 in., cloth, $0.85. 

Outlines, in as simple a manner as possible, consistent with the 
assumption of a general knowledge of engineering terms, the func- 
tion of lubricants, the types, their application, the nature of fric- 
tion and the theory of lubrication. Methods of mechanical, phys- 
ical and chemical testing are described, recent developments in 
lubrication are discussed and a number of important examples of 
lubrication and lubricators are given. 


MEASUREMENT OF Gas AND Liquips By OriFicE Meter. By Henry P. 
Westcott and John C. Diehl. Second edition. Metric Metal Works, 
Erie, Pa., 1922. Fabrikoid, 5X8 in , 434 pp., illus., diagrams, tables, 
$4.50. 

Authoritative information on the orifice meter and its uses for 
measuring air, steam, water and oil. The first section of the book 
gives general information on the meter. Section two discusses 
the physical properties of fluids. Section three is devoted to meas- 
urement by orifice meter, while the remaining sections describe 
its application for various purposes. 
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MECHANICAL HANDLING AND STORING OF MATERIAL. By George Frederick 
Zimmer. Third edition. D. Van Nostrand, N. Y., 1922. Cloth, 
8X11 in., 804 pp., illus., diagrams, $15. : 

An elaborate monograph on methods and machines for handling 
materials continuously or intermittently, for loading and unload- 
ing, and for automatic weighing. The most complete work in 
English on elevating and conveying machines, cableways, bridge 
cranes, warehousing machinery, ete. In this edition obsolete 
installations and devices have been deleted or replaced by modern 
examples, and the examples of American or Continental practice 
have been replaced by examples of British manufacture. The text 
has been carefully revised throughout. 


Motor VeHIcLeE ENGINEERING; THe Cnassis. By Ethelbert Favary. 
First edition. McGraw-Hill Book Co., New York, 1922. Cloth, 
6 X 9 in., 468 pp., illus., diagrams, $5. 

In this volume, as in the preceding volume on engines, the author 
endeavors to present, in simple language and with only elementary 
mathematics, the information required by the automotive engineer 
and the designer. It is not intended as a history of automobile 
development, nor as a mere description of present practice as ex- 
emplified in the vehicles now being manufactured, but to explain 
the theory that underlies the design of the automobile chassis. 


PropuctTion ENGINEERING AND Cost Keepina FoR MAcuiIne Suops. By 
William R. Basset and Johnson Heywood. First edition. McGraw- 
Hill Book Co., New York, 1922. Cloth, 6X9 in., 311 pp., illus., $ 

Written to bring practical assistance to the production managers, 
foremen and cost accountants of machine shops, and to give higher 
executives a knowledge of good shop-management practice, so 
that they may judge the effectiveness of the methods of their sub- 
ordinates. Methods are given in detail, and the reasons explained 

Language devoid of technicalities is used. The costkeeping meth- 

ods described are suitable, in the author’s opinion, for nine-tenths 

of all the American machine shops. 


Propuction Grinpinc. By Fred B. Jacobs. Penton Publishing Co., 
Cleveland, 1922. Cloth 6 X 9 in., 238 pp., illus., $3. 

Describes the methods used in representative plants for cutting 
and finishing machine parts. Includes the practice of the Marmon 
Packard, Oakland, Chevrolet, and Ford automobile plants, methods 
for finishing chilled-iron valve cams, ball and roller bearing pro- 
duction, grinding operations in the making of dental tools, finishing 
calender rolls, reconditioning automobile engines, die grinding and 
the making of milling cutters. Full data are given concerning 
methods and output. 


RAILROAD Construction. By Walter Loring Webb. Seventh editi 
revised and enlarged. John Wiley & Sons, New York, 1922. F 
rikoid, 4 X 7 in., 847 pp., illus., diagrams, tables, $5. 

Important changes and additions have been made in relation 
to the shrinkage of embankments; the laws governing the life of 
ties; substitutes for wooden ties; rail specifications, testing, failur 
wear; rail-joint failures; water-tank construction; hump yards, 
yard grades; train resistance; and stresses in track. 


REIGN OF RusBer. By William C. Geer. Century Co., New York, 1 
Cloth, 5 X 8 in., 344 pp., illus., map, $3. 

An interesting account of the rubber industry, written in popular 
style and fully illustrated. Describes the development of the in- 
dustry from its beginnings and explains how certain representative 
rubber products, such as tires, footwear and clothing, golf balls, 
electric conductors, hose, belting, packing and balloon fabrics, are 
made. Intended for users of rubber goods, rather than for 
makers. 


RESEARCHES ON CELLULOSE, Vol. 4, 1910-1921. By Charles F. Cros ind 
Charles Dorée. Longmans, Green & Co., New York, 1922. Cloth, 
5 X 8 in., 253 pp., diagram, tables, $5. 

These volumes of researches, of which this is the fourth, are 
intended as supplements to the original volume on cellulose, 
published in 1895. They provide a review and critical evaluation 
of the research work upon the constitution and properties of cellu- 
lose which has been published in various technical journals, together 
with certain new matter contributed by the reviewers. 


$3.50 
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Snort HanpBooKk oF O11 ANALYsis. By Augustus H.Gill. Tenth edition. 
Lippincott, Philadelphia, 1922. Cloth, 5X8 in., 223 pp., tables, $2.50. 
A concise manual, primarily for beginners, giving the methods 
of applying the usual physical and chemical tests to mineral, animal, 
and vegetable oils. Discusses only the more commonly occurring 
oils, as regards their preparation, properties, analytical constants, 
uses and adulterants. This edition has been revised and a section 
on motor gasoline and a description of the MacMichael absolute 
viscosimeter have been added. 


SHIELD AND Compressep-Ain TUNNELING. By B. H. M. Hewett and 8. 
Johannesson. First edition. McGraw-Hill Book Co., New York, 
1922. Cloth, 6 X 9 in., 465 pp., illus., diagrams, tables, $5. 

The authors state that so much tunneling has been done with the 
aid of the shield and the art of such work has been developed to such 
a point that it is now possible to formulate, to some extent at least, 
certain principles and rules of practice on which to base the design 
and construction methods of future work. This they have tried to 
do in the present book, which treats of tunnel design, stresses in 
tunnel linings, methods of lining, tunnel shields, plant and equip- 
ment, methods of construction, maintenance and inspection, prog- 
ress, cost, and surveying. A chapter is devoted to compressed-air 
sickness. A good bibliography is included. 


SPARKING Piuas. By A. P. Young and H. Warren. Isaac Pitman & Sons, 
New York, 1922. (Pitman's Technical Primer Series Cloth, 4 X 6 
in., 106 pp., illus., diagram, tables, $0.85. 

This little book reviews briefly the history of spark plugs and dis- 
cusses the general principles of electric ignition. The operation and 
design of spark plugs is then considered in detail. The questions 
of electrodes and voltages are treated in detail, with data from 
researches by the authors. This is followed by a consideration of 
the composition and properties of spark-plug insulators. 


Stream TurpBine; THEORY AND PRACTICE sy William J. Kearton. Isaac 


Pitman, New York, 1922. Cloth, 6 * 9 in., 456 pp., illus., diagrams, 
$4.50. 


In the opinion of Mr. Kearton, many recent books on the steam 
turbine have been over-developed along certain lines, and few have 
been generally useful to the student. The present work is written 
for the student, and should prove useful to engineers and draftsmen 
desiring a wider knowledge of theory. 

After introductory chapters on the properties of steam and 
entropy, the book treats of the steam-turbine cycle, the flow of steam 
through nozzles and blades, efficiency, lubrication, stresses, critical 
speed, and turbine design. This is followed by descriptions of com- 
mercial turbines of various types. 


SreaM-ENGINE PRINCIPLES AND Practice. Terrell Croft, editor. First 


edition. McGraw-Hill Book Co., N. Y., 1922. Cloth, 6X8 in., 513 
pp., illus., diagrams, $3.50. 

This book has been very carefully prepared, the author states, 
to satisfy the demand for a “practical” book containing the informa- 
tion concerning steam engines which is wanted by an operating 
engineer or plant superintendent. Nothing pertaining to design 
has been included. The treatment has been directed to the se- 
lection, operation, care and repair of steam engines and to questions 
of economic operation. 


A.S.M.E. Boiler Code Committee Work 


(Continued from page 137) 
integral part of the boiler? The thickness for heads which have 
riveted construction is not definitely specified in this paragraph. 


Reply: It is the opinion of the Boiler Code Committee that the 
term “riveted shells” in the first sentence of this paragraph is in- 
tended to cover heads, in case they are not used as tube sheets. 


CasE No. 409 


Inquiry: Is it permissible, under Par. M-11 of the Code for 
Miniature Boilers, to weld on to the shell a half-coupling for the 
reinforcement to give the necessary four full threads? 


Reply: It is the opinion of the Committee that the reinforcing 
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may be accomplished only by a riveted pad or its equivalent, or by 
building up the thickness of the plate by welding, and that the 
welding of the half-coupling on the outside of the plate is not per- 
missible under this requirement. 


Case No. 410 


Inquiry: Is it the intent of Par. M-16 of the Code for Miniature 
3oilers that non-ferrous metal shall be used for the valve seat and 
also that the lifting device shall be of non-ferrous metal, as are 
required by Pars. 282 and 283 of the Power Boiler Section of the 
Code? 


Reply: Attention is called to the fact that where the Rules of 
the Code for Miniature Boilers do not apply, those as above re- 
ferred to in the Power Boiler Section of the Code are applicable. 


Some Technical Bibliographies 


r [HE following list of bibliographies on technical subjects has 

been compiled by Raymond N. Brown, of the Engineering 
Societies Library, 29 West 39th St., New York, N. Y., where all of 
the publications named are to be found. The photostatic service 
as described in THe ENGINEERING INDEX may also be used in con- 
nection with this index. Bibliographies upon any technical sub- 
jects will be compiled by the Library, upon request, at the rate of 
two dollars an hour. 


Alcohol, Power. Power Alcohol, Its Production and Utilization. H. 
Frowde, London, 1922, 323 pp. Extensive lists of references are found 
at the end of each chapter. 


Beams, Vierendeel System, Calculation of. Statik der Vierendeeltrager, 
Karl Kriso. J. Springer, Berlin, 1922, 288 pp.; bibliography, pp. 287-288. 
About 50 references, mostly to German publications. 


Cast Steel. Der Stahlguss als Werkstoff, Rudolf Schafer. Giesserei- 
Zeitung, vol. 19, pp. 463-472 and 474-482; bibliography, p. 482. Sixty- 
four references, all in German. 


Chrome Refractories. Chrome Refractories, J. S. McDowell and H. 8S. 
Robertson. American Ceramic Society, Journal, vol. 
bibliography, pp. 
logically. 


5, pp. 865-887; 
882-887. About 130 references arranged chrono- 


Combustion, Surface. Surface Combustion, R. | 3acon and W. A. 
Hamor. American Fuels, 2 vols., McGraw-Hill Co., Inc., New York, 
1922. Bibliography in vol. 2, pp. 1091-1094. About 80 references 
arranged chronologically. 

Duralumin. Duralumin: A Digest of Information, H. C. Knerr. 
Society for Steel Treating, vol. 3, 
Twenty-eight references. 


American 
pp. 13-42; bibliography, pp. 41-42. 


Dust Explosions. Dust Explosions: Theory and Nature of Phenomena; 
Causes and Methods of Prevention. National Fire Protection Associa- 
tion, Boston, 1922, 246 pp.; bibliography, pp. 241-246. About 150 
references arranged chronologically. 


Graphic Charts. Graphic Charts in Business—How to Make and Use 
Them, A. C. Haskell and J. G. Breaznell. Codex Book Co., Inc., New 
York, 1922, 250 pp.; bibliography, pp. 239-246. Over 40 books and 
about 140 periodical articles are listed. The latter are classified. 


Lumber. Lumber, Its Manufacture and Distribution, R. C. Bryant. 
John Wiley & Sons, Inc., 1922, 539 pp.; bibliography, pp. 439-448. 
About 180 references arranged by classes. 


Metals, Non-Ferrous, Season Cracking of. Bibliography on Season Crack- 
ing. British Non-Ferrous Metals Research Association, Bulletin, no. 
6, July, 1922, pp. 14-18. Forty-seven references in chronological order. 


Partitions, Sound-Proof. Sound-Proof Partitions, F. R. Watson. Uni- 
versity of Illinois, Engineering Experiment Station, Urbana, Ill., Bulletin 
127, 1922, 85 pp.; bibliography, pp. 77-78. Thirty-four references. 


Steel, High-Speed Tool. Bibliography of High-Speed Tool Steels. Amer- 
ican Society for Steel Treating, Transactions, vol. 3, pp. 47-89. About 
360 references with descriptive notes covering period from 1900 to May, 
1922. Divided into parts entitled: I, Manufacture of High-Speed Steel; 
II, Heat Treatment; Uses and Tests. Arranged chronologically in_each 
part. 


Steel, Rustless. Rostfreie Stahle, Karl Daeves. Stahl und Eisen, vol. 42, 
pp. 1315-1320; bibliography, pp. 1319-1320. Thirty-two references. 
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Exigencies of publication make it necessary to put the main body of The Engineering 
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appearing in journals received up to the third day prior to going to press. 





radical change will take place in industrial organi- 


AERODYNAMICS ogo te - ne om ay 
Standardization. Standardization and Aerodyna- zations. caine aad aaediiedls edeon 2 or dibger llggt case ato Me 
, ee a : - ‘ . ‘ : at jobbing-shop management 
mics, W illiam Knight. Aerial Age, vol. 15, no. 21, Measuring Management by. Measuring Manage- should avoid. 
Dec. 1922, pp. 593-598. Writer refers to sugges- ment by Cost Accounting, William R. Basset Am ' ‘ . : ’ 
tions ae in his report to Nat. Advisory Com- Mach., vol. 58, no. 1, Jan. 4, 1923, pp. 37-38. Effect Process Planning. Notes on Process Planning 
mittee for Aeronautics made in 1919 on desirability of human factor; lack of unit of measurement; cost Engineering, vol. 114, no. 2973, Dec, 22, 1922, pp 3 
of calling a congress of representatives of leading finding methods considered most effective present 778-780, 4 figs. Principal aim when planning se 7 
aerodynamic laboratories, without discrimination be- measure. quence of processes is to secure maximum economy J. 
tween former allies and enemies and gives comments of production as a whole é 
of the various countries on proposed congress. DIE CASTINGS Production Executives. What the Production Ex + 
Dies for. Dies for Die castings, A. G. Carman ecutives Should Know from the Financial Records, . 
AIRSHIPS Machy. (N. Y.), vol. 29, no. 5, Jan. 1923, pp. 369 William M. Lyband. Management Eng., vol 4, 3 
Girders. Improvements in Built-Up Airship Girders, 370, 3 figs. Specific examples of design and con- no. 1, Jan. 1923, pp. 19-23. Codrdination of di ” 
Aviation, vol. 13, no. 26, Dec. 25, struction of dies for making die castings of more visional planning and operation; information for ~ 
* 


S. H. Phillips. ) 
1922, pp. 828-830, 3 figs. With special reference to 


strength of girders as a whole. 

AIR COMPRESSORS 

Rotary. Rotary Air Compressors. Engineering, vol 
114, no. 2972, Dec. 15, 1922, pp. 740-742, 15 figs., 
partly on p. 744. New compressors constructed by 
Swiss Locomotive & Machine Works, Winterthur, 
Switzerland. 


intricate type. 

DIES 

Shells, Blank Diameters of. 
Drawn Shells, W. L. Tryon. Machy. (N. Y.), 
vol, 29, no. 5, Jan. 1923, pp. 349-354, 19 figs. Form- 
ulas and graphical methods for finding blank area 
and diameter of various types of shells 


DIESEL ENGINES 


Blank Diameters for 


AMMONIA CONDENSERS Nobel. The Two-Stroke-Cycle Diesel’s Superiority 

Comparative Reports. Comparative Ammonia Con- for Large Powers, Edwin Lundgren Power, vol 
denser Reports Point Out Inefficiencies, P. Wilson 56, no. 26, Dec. 26, 1922, pp. 1015-1016, 2 figs 
Evans. Power, vol. 57, no. 1, Jan. 2, 1923, pp Points of superiority of two-stroke-cycle engine 
28-30, 1 fig. By compiling weekly averages of illustrated with data on Nobel-Sweden 1600-hp 
ammonia condenser temperatures and pressures from Diesel. 


various plants operated by Armour & Co., it has been 
possible to detect and remedy inefficient operating 
conditions with resultant saviag in power and operat- 
ing expense. 
BLAST FURNACES 
Air Intake, Elevated. 


ELECTRIC FURNACES 

Levoz. Designs New Electric Furnace, R. Sylvany 
Foundry, vol. 50, no. 23, Dec. 1, 1922, pp. 962-963 
Principles of construction of furnaces of latest French 
development, by T. Levoz, employed during war in 
production of high-speed steel; metal melted in 

crucible-shaped vessel with only one opening; elec 

trode through roof sheathed to prevent ingress of air. 


ELECTRIC MOTORS 


Elevated Intake for Blast 
Furnace Air, Alfred Gradenwitz. Iron Age, vol. 110, 
no, 26, Dec. 28, 1922, p. 1700, 1 fig. Tests at Rombach 
Iron Works, Coblentz, Germany, with view to ascer- 
taining whether upper strata of air are cooler and 


less capable of absorbing water than those in imme- §election and Control. Selection and Control of 
diate vicinity of ground; 138-ft. suction tower for air Motors, Roger B. Stevens. Elec. World, vol. 80, 
intake affords considerable reduction of moisture. no. 27, Dec. 30, 1922, pp. 1433-1437, 7 figs. Avoid- 

ance of service interruptions without trained and 


BOILER ROOMS 


* . expensive maintenance crew and under necessity o 
Efficiency in. Modern Management Methods in the : 


operating with common labor was chief problem in 


Power Plant, Browning Robinson. Indus. Manage- Am. Sugar Refining Co.’s plant. 
ment (N. Y.), vol. 65, no. 1, Jan. 1923, pp. 57-61, 
2 figs. Problems of boiler-room efficiency. EMPLOYMENT MANAGEMENT 
Engineering Department. The Successful Opera- 
BOILERS , tion of an Engineering Department, W. E. Irish 
Design. Principles of Boiler Design, C. EF. Stromeyer. Indus. Management (N. Y.), vol. 65, no. 1, ‘Jan 
Engineer, vol. 134, no. 3495, Dec. 22, 1922, pp. 1923, pp. 19-22. Plan of action in dealing with 
672-673, 1 fig. High-furnace -temperature effects; labor. Assembling and operating the ‘“man- 
convection and velocity; costly natural draft; air machine.” 
heaters; superheaters; economizers; high velocity of 
flames; reductions of furnace temperatures; oil FLOW OF FLUIDS 
burning. Electric Measuring Instrument. Electrical Instru- 
ment Applied to Measurement of Fluids, E. H 
BONUS SYSTEMS » Freeman. Power, vol. 56, no. 26, Dec. 26, 1922, pp. 
Packard Motor Co. A New Departmental Bonus - 1008-1009, 2 figs. Electrical integrating instrument 
vm. E. F. ane. Indus. Management (N. developed by author which is practically free from 
Y.), vol. 65, no Jan. 1923, pp. 43-45, 3 figs. voltage error; adopted by Republic Flow Meter Co., 
Method adopted = Packard Motor Car Co. for Chicago. 
stimulating efficienc 
7 “s FORGINGS 
BOXES : 1 Nickel-Chrome. Studies Nickel Chrome Forgings, 
Cardboard, Machinery for Making. Cardboard T. Henry Turner. Iron Trade Rev., vol. 71, no. 25, 


Box-Making Machinery. Engineering, vol. 114, nos. Dec. 21, 1922, pp. 1695-1700, 7 figs. Defects found 
on machined surfaces of hollow cylindrical bells are 


2965, 2966, 2967, 2968, 2969, 2970, 2971 and 2973, 
Oct. 27, Nov. 3, 10, 17, 24, Dec. 1, 8 and 22, 1922, traced to ingot corner segregation; investigation 
pp. 517-520, 542-543, 578-579, 609-610, 640-641, showed depth of these segregations extended from 2 
670-671, 698-699 and 760-762, a San. Complete to 3 in.: recommendations. 

ze of machinery used in manufacture of card- 
+ . , FOUNDATIONS 


board boxes. 


CENTRAL STATIONS Power Stations. Foundation and Framing Design of 


Colfax Power Station, M. E. Thomas. Eng. News- 


Pulverized-Coal Burning. Cahokia Station. Power, Rec., vol. 89, no. 26, Dec. 28, 1922, pp. 1102-1105, 
vol, 57, no. 1, Jan. 2, 1923, pp. 20-22, 4 figs. Out- 7 figs. Concrete mat foundation on gravel; column 


loads distributed by reinforced-concrete walls; special 
retaining wall and sea wall held by ties. 


FOUNDRIES 


standing engineering features of new station of 
Union Elec. Light & Power Co., St. Louis, Mo., as 
example of large central station using pulverized coal 


as fuel. 
Ford’s River Rouge. Ford Principles and Practice 
CORROSION : ; at River Rouge, John H. Van Deventer. Indus. 
Metals, Industrial. Corrosion as Affecting the Management (N. Y.), vol. 65, no. 1, Jan. 1923, pp. 


Metals Used in the Mechanical Arts, W. H. Hatfield. 11,23 figs. Plant facilities of world’s largest foundry. 


Engineer, vol. 134, no. 3494, Dec. 15, 1922, >. 

639-643, 21 figs. Results and other data of tal GEAR CUTTING 

experiments undertaken to decide upon relative Formed Cutters. Cutting Bevel Gears with Formed 
resistance to various corroding media of typical Cutters, Franklin D. Jones. Machy. (N. Y.), vol. 
industrial metals. Paper read before Sheffield Assn. 29, no. 5, Jan. 1923, pp. 363-365, 6 figs. Brown & 


Sharp automatic gear-cutting machines of formed- 
cutter type designed for cutting either spur or bevel 
gearing. 


GRINDING 

Automobile Parts. Grinding Data from the Pierce- 
Arrow Shop, Fred H. Colvin. Am. Mach., vol. 57, 
no. 26, Dec. 28, 1922, pp. 997-998, 3 figs. ” Testing 
cylinder gages; grinding bronze connecting- -rod bush- 
ings: forming steering balls; grinding aluminum trans- 
mission covers. 
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Metallurgists & Met. Chemists. 


COST ACCOUNTING 

Factory. A New System of German Factory Account- 
ing, Schar Schlesinger and Wallichs. Management 
Eng., vol. 4, no. 1, Jan. 1923, pp. 27-31. Describes 
system of cost accounting developed by Ernst Just 
and Elizabeth Voéhl, based on principle of applying 
analytical methods as substitute for experience and 
intuition. Presents and discusses seven propositions 
aipon which system is based. If generally adopted a 


HYDROELECTRIC DEVELOPMENTS 
Western States. 


INDUSTRIAL MANAGEMENT 
Factory Planning. 


Machine Jobbing Shop. 


Outstanding Features of Western 


Water-Power eR oe in 1922. Eng. News- 
Rec., vol. 90, no. 1, Jan. 4, 1923, pp. 14-16, 2 figs 
Forward steps in p . sign and construction; stabilized 


tendency toward municipal ownership or control; 
economic aspects of Western water-power situation. 


Taylor 
Dec. 15 


Factory Planning, H. E 
114, nos. 2972 and 2973, 
756-758 and 786-788, 8 figs 
Survey of systems of shop planning for various 
methods of production. See also Eng. Production, 
vol. 5, no. 115, Dec. 14, 1922, pp 563, 9 figs. 
Management of the Ma- 
chine Jobbing Shop, H. L. Wheeler. Am. Mach., 
vol. 58, no. 1, Jan. 4, 1923, pp. 13-18, 1 fig Dis- 
tinction between manufacturing and jobbing; sys- 


Engineering, vol 
and 22, 1922, pp. 


vot 


foremen; facts in regard to department operation; 


overhead expenses; spoilage, waste and idleness; 

reports in shop language; information for production . 

executives; cost of idle equipment and time; opera 4 

tion of inventory; etc. ~ 
Quality Control. Quality Products, G. S. Radford 

Management Eng., vol. 3, nos. 5, and 6, Nov. and 

Dec. 1922, pp. 261-266, 3 figs. and vol. 4, no. 1, Jan 

1923, pp. 51-56, 5 figs. Control methods used by 


leading manufacturers to maintain standards. An 
swers to questionnaire sent to number of representa 
tive firms 


LOCOMOTIVES 





Developments 1922. A Year of Innovations in Loco 
motive Design, A. F. Steubing Ry. Age, vol. no. | 
Jan. 6, 1923, pp. 41-43, 4 fig Steam-turbines loco 
motives in Europe; mechanical draft receivin; 





increased attention 


MACHINERY 
Power, Erecting. 
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} 

Cast-Iron Bedplates, N. L. Rea. Power, vol. 56, n 7 
26, Dec. 26, 1922, pp. 1021-1023, 6 figs Prop , 
supporting of machine base; preparing top of founda a 
tion; handling bedplate; leveling and aligning e 
. 


grouting bedplate to foundation; assembling machi 


and putting it in operation 


OIL FUELS 
Calorific Value. The Determination of the Calorit 
Value of Liquid Fuels, H. Moss and W. J. Stern 
Engineering, vol. 114, no. 2972, Dec. 15, 1922, p; 
729-731, 6 figs Experiments undertaken to i 
vestigate methods of determining calorific valu 
with view to evolving one by means of which ab 
lute values for any fuel undergoing engine test co 
be obtained quickly and accurately 


OPEN-HEARTH FURNACES 

Loftus. New Type of Open-Hearth Furnace 
Age, vol. 110, no. 26, Dec. 28, 1922, pp. 1677 
5 figs. Loftus furnace involves new way to 
blow-torch principle; details and results of 
operating several months 


PIPE 

Stresses in. The 
Pipes (Ueber die Spannungen 
gefilleten Rohren), E. Scawerin 
wandte Mathematik u. Mechanik, vol. 2, no. 5 
1922, pp. 340-353, 3 figs. Study of influencs 
bending and torsional strength of pipe wall, not o 
under stress of liquid, but also under natural we 
of pipe itself. 

PUMPING ENGINES 

High-Head. Hackensack Water 


Head Pumping Engines Power, vol. 56, no. 26 
26, 1922, pp. 1006-1008 4 figs. Vertical, tr 
expansion pumps designed to operate against unu 
ally high head of 293 lb. per sq. in., maintain | 
efficiency over wide range of operating condition 


RAILWAY MOTOR CARS 

Gasoline. Motor Driven Rail Car with High Po 
Unit. Ry. Mech. Engr., vol. 96, no. 12, Dec. 1922 
697-698, 3 figs. New equipment for Maryland 
Pa. has 120-hp. engine and seats 76 passengers. 


RAILWAY SHOPS 

Shortcomings. What’s Wrong with the Rai! 
Shops? Am. Mach., vol. 57, nos, 17, 20, 23 and 
Oct, 26, Nov. 16, Dec. 7 and 21, 1922, pp. 677-650, 
755-757, 879-881 and 955 957 and vol. 58, no. 1, 
lan, 4, 1923, pp. 1-3, 2 figs. Information based on 
critical survey of situation. Mechanical depart- 
ments said to be badly handicapped by poor equip- 
ment; lack of contact with other shops. Nov. 16 
Shop equipment as it is, with suggestions for more 
efficient use of what is available and replacing obso- 
lete units with new ones. Dec. 7: Small-tool situa- 
tion; lack of coéperation between mechanica! and 
purchasing departments; inadequacy of tool-sharpen 
ing equipment. Dec. 21: Suggestions reg urding 
interchange of information and standardization 0 
parts and methods; cost-keeping systems. Jan. *: 
Underlying causes of present shop troubles; how t 
remedy shortcomings of methods, equipment and 
personnel. 
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